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PROCEEDINGS. 


NORTH  OF  ENGLAND   INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL  MEETING,  Saturday,  October  12th,  1889. 


Mr.  John  Marley,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  previous  meeting,  which  were  confirmed. 

The  Secretary  reported  the  proceedings  of  the  Council  of  this  Institute,  also 
of  the  first  meeting  of  the  Council  of  the  New  Federated  Institution  of  Mining 
Engineers,  embodying  the  election  of  representatives  from  this  district  as  follows : — 
Sir  Lowthian  Bell,  Bart.  ;  and  Messrs.  W.  Armstrong,  Jun.  ;  M.  Walton  Brown  ;  W. 
Cochrane  :  J.  Daglish ;  T.  Douglas ;  G.  B.  Forster  ;  G.  C.  Greenwell :  J.  Marley  ; 
G.  May ;  J.  B.  Simpson  ;  A.  L.  Steavenson  ;  J.  Willis  ;  and  L.  Wood. 

Among  the  members  co-optated  by  the  new  Council  were  Messrs.  W.  Armstrong, 
Sen. ;  T.  J.  Bewick  ;  R.  F.  Boyd  ;  and  D.  Dale. 

Mr.  Cochrane  asked  the  meaning  of  the  word  "co-optate,"  and  whether  the 
"  co-optated  "  members  had  a  seat  at  the  Council  ?  He  confessed  his  ignorance  as 
to  the  precise  meaning  of  the  term. 

The  President — One  of  our  Past-Presidents  has  asked  the  same  question. 
Perhaps  the  Secretary  will  explain. 

Professor  Lebour  said  he  learned  from  Webster's  dictionary  that  to  '•  co-optate" 
meant  to  choose  together,  and  when  a  committee  had  power  to  add  to  its  members, 
then  they  "  co-optated  "  or  "  together  chose  "  such  other  members  as  they  agreed  to 
have  on  the  committee.  "  Co-optated "  members  of  any  council  were  those  not 
elected  by  the  general  body  of  constituents,  but  appointed  by  the  council  them- 
selves.    They  "  together  chose." 

Mr.  Cochrane — Do  they  always  sit  .' 

Professor  Lebour — Yes. 

Mr.  Cochrane — They  may  do  so  by  right  1 

The  President — Yes. 

Professor  Lebour — They  become  part  of  the  whole  body. 

Mr.  Cochrane — I  presume  "  elected  by  the  council "  would  have  a  similar 
meaning  ? 

Professor  Lebour — Precisely. 

The  President — The  Secretary  having  been  referred  to  Webster's  dictionary 
by  one  of  the  Past- Presidents  is  able  to  answer  the  question. 


racy 
The  (allowing  gentlemen  u*\y  nominated  :— 

OBDIVaBT   IfBMBEB 

Mr.Tho  '  r),  Mining- Engii r,  Wakefield. 

i  \  i  i:    Mi.mih  : 

m  .  .  n.  Mining  [nstitute,  Newcastle-on-Tyne. 

Mr.  John  Hodgson,  Mining  En  dmondsley  Colliery. 

Hr.  Edward  Hopkins,  Mining  Engineer,  Weardale  Place,  St.  John's  Chapel. 

Mr.  R.  Norman   Redmayne,  Chemical    Manufacture 

i-on-Tyne. 
.Mr.  W.  Topley,  F.U.s..  F.G.S.,of  II. M.  Q  -  !8,Jermyn  9i 

London,  B.W. 

Students — 

Mr.  Walter  Bell,  Mining  Engineer,  28,  Windsor  Crescent,  Newjeastle-on-Tyne. 
AIi.  btman,  Mining  Student,  Barrow  Colliery,  Barnsley. 

Mbmbeba — 

Mr.  T.  Colquhoun,  Mining  Engineer,  West  Smiley  Colliery. 

Captain   William   Charles  Chitty    Erskine,   Enspectoi    of   Mines,    BLimberley, 

Smith  Africa. 
Mr.  William  Tasker  Hallimond,  Mining  Engineer,  Manager  of  Van  Ryn  Gold 

Mining  Company.  Limited,  Bokshurg,  Johannesburg,  Transvaal. 
Mr.  Jethro    Longridge,    Colliery    Manager,    Burradon    Colliery.    Newcastle- 

on-Tyne. 
Mr.  Thoma-  Lowden,  Colliery  Manager.  Harusteels,  near  Durham. 

ASSOCIATES — 

Mr.  William  Draper,  Assistant  Under  Manager.  New  Seaham  Colliery,  Sunder- 
land. 

Mi.  John  William  Forster,  Assistant  (Certificated  Manager,  under  Act), 
Silksworth  Colliery,  Sunderland. 

Mr.  John  Charles  Hall,  Surveyor,  Trimdon  Grange  Colliery,  Co.  Durham. 

Mr.  Francis  Burdett  Johnson,  Mechanical  Engineer,  1,  Charles  Street,  Marsden 
Colliery. 

Mr.  John  Riddell.  Under  Manager,  Shilbottle  Colliery.  Leshnry,  R.S.O. 

Mr.  John  Southern.  Master  Wasteman,  Heworth  Colliery.  Newcastle-on-Tym.-. 

Mr.  Matthew  Walton,  Assistant  Manager.  Dearham  Colliery. 


Mr,  Simon  Tate  read  the  following  paper  : — 


WINDING.    BANKING   OUT.    AND   SCREENING    PLANT. 


WINDING,  BANKING  OUT,  AND  SCREENING  PLANT  AT  EAST 
HETTON  COLLIERY. 

By  S.  Tate. 

It  having  been  found  necessary  to  tit  up  the  upcast  shaft  at  East  Hetton  Colliery 
for  drawing  coals  and  to  erect  new  screening  plant,  the  writer  attached  great  im- 
portance to  the  plant  being  so  constructed  as  to  require  the  least  possible  amount 
of  adult  manual  labour  in  its  working.  Banking  out  in  particular  is  costly  owing 
to  the  heavy  character  of  the  work,  and  none  but  the  strongest  men  can  perform 
it  in  the  manner  usually  performed.  To  diminish  the  labour  cost  and  to  improve 
the  condition  of  the  merchantable  coal  were  the  objects  which  the  writer  had  in 
view. 

The  shaft  is  10  feet  6  inches  in  diameter,  and  13-1  fathoms  deep,  and  has  been 
fitted  with  iron  wire  rope  guides,  the  only  peculiarity  of  which  is  the  exceptional 
manner  in  which  the  weights  are  attached  at  the  bottom.  Owing  to  the  small  size 
of  the  shaft  it  was  found  inconvenient  to  have  a  separate  set  of  "  weights  "  on  each 
rope,  and  instead  of  this  a  "  swinging  tree  "  was  attached  (see  Plate  I.)  to  each  pair 
of  ropes,  and  one  set  of  weights  was  attached  to  it. 

The  advantage  of  this  method  is  apparent  as  it  allows  sufficient  shaft  room  in  the 
centre  of  the  shaft  for  persons  to  pass.  This  is  especially  useful  when  the  weights 
are  hung  midway  down  the  shaft,  as  it  is  then  somewhat  awkward  to  get  past  them. 
The  only  other  remark  that  need  be  made  concerning  these  guides  is  their  prox- 
imity to  each  other  at  "  meetings,"  the  intermediate  distance  being  only  6  inches. 
It  would  have  been  preferable  to  have  had  them  10  or  12  inches  apart,  but  in 
practice  we  have  had  no  trouble  with  them. 

At  the  shaft  bottom  the  hanging  on  is  fitted  up  on  the  same  principle  as  is  the 
No.  3  shaft  at  Seaham  Colliery,  from  which  in  fact  it  is  copied  (see  Plate  II.)  at  the 
hanging  on,  each  cage  road  is  made  as  near  the  size  of  the  cage  as  possible,  with  a 
strong  wooden  frame  carrying  sliding  doors.  When  the  cage  enters  this  is  completely 
filled,  and  in  its  descent  it  strikes  a  spanner  which  is  connected  with  a  series  of 
levers,  etc.,  which  lifts  up  the  sliding  doors  on  each  side  of  the  casing  and  allows  a 
clear  road  through  the  cage  for  changing  the  tubs,  etc.  By  the  use  of  these  sliding 
doors  the  disadvantage  of  having  separation  doors  on  the  engine  planes  or  shaft 
sidings  is  avoided. 

At  the  shaft  top  a  strong  circular  walling  of  brick  and  stone  is  built  up  a  suffi- 
cient height  to  support  the  pulleys,  guide  ropes,  etc..  and  to  carry  off  the  smoke  and 
fumes  ascending  the  pit. 

The  winding  engine  is  an  ordinary  vertical  single  cylinder,  40  inches  diameter, 
of  the  lever  type,  and  was  formerly  used  with  flat  ropes.  The  drum,  etc.,  has  been 
altered  and  round  ropes  substituted. 

Pit  Head  and  Heapstead. 

Plate  III.  show.-  the  pit  head,  from  which  it  will  be  seen  that  the  tubs  are  moved 
by  gravitation  and  by  engine-power. 

The  whole  of  the  power  required  for  driving  the  cleaning  belts,  tub  haulage  belts, 
and  the  jigger  screen  is  obtained  from  a  single  cylinder  engine.  14  inches  diameter 
and  2  feet  stroke,  running  90  revolutions  per  minute,  with  an  average  boiler  pressure 
of  35  lbs.  per  square  inch. 
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When  the  cage  [sat  ml  upon  the  !  in  the 

n-k  by  the  empties  entering  the  fui. 
uad  run  on  to  th  Is-,  which  here  ( tin  aclination 

of   1    I 

in  im- 
proved Belf-righl  I   kick-up,  working  auton 

'•"ii-'  the  emptied  tnb  oi  .  the 

full  tub  following  m  to  be  emptied.    The  automa  d  by 

applying  to  the  bottom  of  the  kick-up  a  n  see]  containing  liquid,  bo  thai  after  t!  ■ 

iptied  the  weight  of  the  liquid  causes  it  to  right   itself.     Attached  to  the  tippler 

self -indicating  weighing  machia<  •    7.),  and  as  soon  as  the  tub  enters 

the  tippler  th<  .  and  almosl   Bimultaneously  th  turns 

id  returns  to  its  original  position, 
empty  tub  is  then  l  by  this  n  i  botb  full  and 

empty,  and  only  actual  ■  !  into  th< 

bman  to  ascertain  th  ;,-h  ml,  of  coals  the  tokens  are 

hung  through  a  hole  in  th  the  tub,  and  as  soon  as  the  tub  ei  pplei 

toe  attends  the  number  of  the  token  for  both  hewer  and  pn 

empty  tub  remains  in  the  tippler  until  the  boy  allows  another  full  tub  to 

follow  in,  which  pro]  .pry  one  through  and  on  to  the 

it  thr,,  runs  round  sircular  line  to  the  point  B,  g  gradient 

Iriven  by  the  screen  engineand  having  proj<  iched 

instantly  running  catch  the  tub  axles  and  draw 

them  up  the  gradient  9  to  a  point  C  whence  the  tub  runs  .Lav.,  an  incline 

'ln>  part  the  tu  a  an  in.lia-ruhi.er  greaser,  and  then  n 

the  point  E  when  the  token  boy  attends  to  the  -  ,l(j  of 

tour  empties  into  the  proper  Bidings  ready  for  the  arrival  of  the 
III.) 
The  whole  of  the  banking  out  is  done  by  four  boys  paid  as  follow 
1  Hoy  at  Cage  Bnecks     ...      Is.  8d.  per  day. 

1     ..     .,  Tippler 2s.  Od. 

1     ..     Shover  in ]>.  i;,|. 

1     .,     Token  Boy  ...     is.  Od. 


Total  cost 


68.  2d.  per  day. 


Cinder  the  old  method  four  banksmen  were  employed  and  paid  by  the  Bcore  (these 
men  being  allowed  houses  and  coals),  and  their  average  wage  (including  value  of 
housesand  coals)  was  5s.  3d.  per  day,  besides  which  there  wasaman  to  take  the 
tubs  on  to  the  weigh,  and  he  was  paid  at  the  rate  of  3s.  lOd.  per  day,  making  the 
total  cost  £1  4s.  iOd.  per  day,  being  18s.  8d.  per  day,  or  3J  times  nearly  mor« 
than  the  cost  on  the  new  method. 

The  total  amount  of  cost  and  saving  per  ton  for  one  year,  gained  by  the  adoption 
of  the  new  system  of  banking  out,  is  a-s  follows  :— 


Old  System     

New  System   

Saving 

Days 

Worked 
per  Year. 

Tons 

Drawn 

Annually. 

£oof           Waees                  Total 
*£Q  or         per  Dav            Wa«e  c<*t 
Boys.          Peruaj.            per  Year. 

Cost 
per  Ton. 

280 

280 

172,000 

1    £     B.    d.    1     £      s.      d. 

5           1      I  10       347  13     4 
4       f  0     6                       6     8 

d. 
0-48 
0-12 

1          0  18    8       261     6     8 

0*36 
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Screening  Arrangements. 

When  the  coals  leave  the  tippler  they  fall  clown  a  spout  into  a  jigging  screen 
(see  Plate  VI.),  where  they  are  assorted  into  three  kinds — viz.,  bests,  nuts,  and  peas 
and  duff.  The  best  coals  are  carried  along  a  cleaning  belt.  56  feet  long  and  4  feet 
wide,  where  they  are  cleaned  by  boys  placed  along  each  side  of  it.  The  nut  coals 
are  delivered  out  at  the  side  of  the  jigger  on  to  a  belt  33^  feet  long  by  3  feet  wide, 
parallel  with  the  first  belt,  but  at  a  different  angle,  and  in  travelling  the  stones  are 
picked  out,  and  the  coals  cleaned  are  delivered  over  a  set  of  screen  bars  or  gauzes, 
by  which  the  trebles  and  doubles  are  separated  into  their  respective  wagons.  The 
peas  and  duff  coals  drop  out  at  the  bottom  of  the  jigger  on  to  a  smaller  belt,  31  feet 
long  by  2^  feet  wide,  running  in  a  direction  contrary  to  the  other  belts,  and  which 
carries  the  coal  to  an  ordinary  "  beeswing  "  elevator. 

The  whole  of  the  cleaning  of  the  coals  is  done  by  boys  with  one  man  as  over- 
looker or  "  keeker."  The  coals  are  now  much  better  cleaned  than  they  used  to  be, 
and  at  a  very  much  less  cost.  The  comparative  wage  cost  per  day  is  shown  in  the 
following  table  : — 


Description. 

Old  Method. 

New  Method. 

No. 

Rate. 

No. 

Rate. 

Underkeeker 

Screenmen,    including    Houses 

and  Coals  to  same  ... 
Attending  Wagons 

„             Best  Spout... 

Nut       „     

Treble    ."     ..[         ... 
Apparatus 
Small  Runner    ... 

Jigger  Trap  and  Handle 
Picking  out  Stones       

Total         

1 

12 
1 

1 
1 
2 
1 
2 
1 

s.     d. 
4      0 

3     3 
2  10 

2  io 

2     0 
1     6 

1  6 

2  11 
1   10 

£     s..   d. 

0  4     0 

1  19     0 
0     2    10 

0     2  10 
0     2     0 
0     3     0 
0     1     6 
0     5  10 
0     1   10 

1 

i 
l 
l 

i 

i 

20 
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This  shows  a  saving  of  £1  16s.  2d.  per  day  or  £506  6s.  8d.  per  annum.  The 
total  annual  saving  on  banking  out  and  screening  is  thus  £767  13s.  4d.  or  l-07d.  per 
ton. 

In  this  comparison  allowance  ought  to  be  made  in  favour  of  the  new  method, 
inasmuch  as  we  now  pick  out  the  stones  from  the  double  and  treble  nuts,  whereas 
formerly  we  only  picked  out  a  few  stones  from  the  trebles,  but  never  attempted  to 
pick  any  from  the  double  nuts. 

The  advantages  derived  from  this  system  of  banking  out  and  screening  may  be 
summarised  as  follows  : — 

(1.)  Cheapness  of  labour  cost,  consequent  on  the  utilisation  of  steam,  instead  of 
manual  power. 

(2.)  Cheaper  class  of  labour  employed. 

(3.)  Only  coals  actually  delivered  on  the  screens  are  paid  for. 

(4.)  Coals  are  better  cleaned  and  with  less  breakage. 


-.  then 

l'. "II. 

i  uncommon  tl  la.    He  had 

M,    i                                                                     thai  the  •  broke 

■ ,  and  "in-  very  hard.     We  had 

Mi.   I  \  i  t.      \\ 

ect    the 
ntion 

ton  "ii  bob  ■'  "as  a  w  ■> 

-  he  had  an  opportunity  of  visiting  01 
was  present,  and  thai  gentleman  might  perhaps 
some  remai  ks  on  the  subject. 

Mr.  Daolibh  ^-:ii.l  ill  as  they  all  recognised, 
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of  the  kind  indicated.    The  w  ii  tried  was,  he  thought,  at  Mi.  Walker's 

stone  mines;  there  the  tub  ran  right  round  and  was  very  effective. 

This  system  had   been  put  in  but   was  nol  in  full  operation  yet.     In 

they  had  elevators,  no  .  which  ran  the  tub  round. 

He  di<l  not  know  whether  m  Mi.  Tate's  arrangement  the  bottom  of  cage  lifts. 

Mi.  TATE  —No,  ii  was  found  inconvenient. 

Mr.  DAGIiIBH  said  with  regard  t"  the  kick-up  he  had  not  Men  one  of  that  kind 
ii  usually  the  kick-ups  revolved  entirely  :  some  ingenious  arrangements 
were  made  to  accomplish  this.  He  thought  there  was  an  arrangement  of  the  kind 
a'  Heworth,  Mr.  May  had  also  put  one  at  Boldon,  and  they  had  another  at  Marsden, 
all  effective  he  believed,  but  all  done  in  different  ways.  The  kick-up  was  turned 
over  by  machinery,  either  by  friction  wheels  s  belts,  but  it  was  so  little  that 

it  could  be  stopped  at  the  right  moment  for  the  tub  to  be  taken  out  and  a  fresh  one 
put  on.  There  was  ii"  doubt  Mr.  Tate  hid  taken  advantage  of  all  that  was  known 
mi  the  subject  and  had  succeeded  in  arranging  a  very  nice  plant.  With  regard  to 
the  jiggers,  other  jigger-  separated  the  coals  in  the  manner  described,  they  took  out 
nuts,  and  peas  and  duff. 

Mr.  I  a  1 1;     Nol  al  the  sides,  I  think. 

Mr.  Kaglish—  Yc-  :  Marsden  was  al  the  side,  and  cleaned  by  a  belt.  He  did 
nol  know  whether  Mi.  Tate's  bell  was  arranged  the  same  as  that  he  (Mr.  Daglish) 
first  saw  at  Eeworth  and  adopted  at  Marsden.  namely,  with  a  separation  in  the 
middle  of  the  belt  to  put  the  Btoiu  - 

Mr.  Tats — Ours  has  nol  got  that. 

Mi.  Daolibh — It  is  an  est  it,  and  very  important  ;  and 

•   they  had  to  fcakeoul   another  kind  o  -  they  had  to  do  at   Marsden.it 

would  '<«•  very  troublesome  t"  have  i"  -"it  them  "in   behind. 

I  resident-  Mr.   May,  I  think,  is  nol   here  to-day,  or  he  would  havi 
Formation. 

Mr.  FOBSTEB  -aid  he  did  not  quite  agree  with  Mi.  Daglish  as  to  the  second  belt. 
If  they  had  a  second  belt  on  the  top  for  stones 
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Mr.  DAGLISH — It  is  not  a  second  belt,  it  is  a  division. 

Mr.  Foestee — It  is  the  same  thing.  It  complicated  matters,  and  added  great 
extra  weight  to  the  belt.  The  way  he  had  done  was  to  put  coarse  coal  on  one  side 
and  stone  on  the  other,  and  after  work  was  done  run  them  over  the  belt. 

Mr.  Tate  said  he  had  considered  this  point ;  but  in  his  case  it  was  unnecessary 
to  take  them  further  down  than  the  level  of  the  stone  heap. 

Mr.  Thos.  Bell— Mr.  Corbett  had  it  at  one  of  his  Rainton  pits.  I  think  he 
took  it  off. 

Mr.  W.  C.  BLACKETT  said  he  had  had  an  opportunity  of  seeing  Mr.  Tate's 
arrangement,  and  could  testify  to  its  economy.  To  him  the  most  striking  feature 
was  the  kick-up  ;  as  regards  novelty  it  was  the  feature  of  the  whole  arrangement. 
He  had  seen  all  the  arrangements  Mr.  Daglish  had  mentioned,  and  for  simplicity  he 
thought  Mr  Tate's  beat  them  all.  Nearly  all  he  had  seen,  if  they  went  right  round, 
had  to  be  assisted  by  machinery.  Mr.  Tate's  could  go  right  round  as  easily  as  part 
way,  and  it  did  so  of  its  own  gravitation.  As  regards  the  centre  belt  for  stones,  in 
many  case  it  was  not  adopted,  because  boys  were  paid  by  the  piece.  The  owners 
of  his  colliery  decided  some  time  ago  to  put  in  belts  for  the  purpose  of  cleaning 
unscreened  gas  coal ;  this  had  not  been  previously  done  in  many  cases  for  unscreened. 
All  their  boys  were  paid  by  the  number  of  boxes  of  stone,  etc.,  picked  out.  One 
belt  they  had  was  90  feet  long  and  4  feet  wide  ;  another  70  feet  long  and  5  feet 
wide  ;  and  very  great  economy  had  been  found  in  simply  cleaning  the  coal  for  gas 
purposes.  He  believed  in  the  coal  going  over  the  belt  ;  they  saved  nearly  a 
farthing  a  ton,  without  considering  greater  efficiency,  and  they  were  picking  out 
almost  double  the  quantity  of  stones. 

Mr.  W.  J.  BlED  said  he,  like  Mr.  Blackett,  had  had  the  pleasure  of  seeing 
Mi.  Tate's  arrangement,  and  he  agreed  that  the  kick-up  was  the  most  striking 
feature.  Another  point  he  was  struck  with  was  the  belt  bringing  the  empty  tub  to 
the  requisite  height  to  run  by  gravitation  to  the  shaft.  He  had  seen  arrangements 
somewhat  similar  in  Wales,  where  the  necessary  elevation  was  obtained  by  an 
elevator,  a  man  attending  to  it  ;  and  although  there  was  an  attendant  available  and 
plenty  of  power  to  carry  the  tubs  the  necessary  distance  Mr.  Tate's  had  the 
advantage  :  instead  of  using  the  whole  of  his  steam  power  he  used  only  a  portion  of 
it,  and  dispensed  with  the  services  of  an  attendant. 

Professor  Mebivale  said  he  was  not  quite  clear  as  to  the  kick-up.  He  gathered 
that  it  was  not  quite  automatic  ;  had  a  boy  to  start  it,  or  did  the  weight  of  the  tub 
-et  it  going  ?     He  saw  that  it  came  back  automatically. 

Mr.  Tate  said  it  could  be  hung  so  as  to  go  itself.  As  they  had  it.  a  boy  just  gave 
it  a  touch,  but  it  would  go  without.     ■ 

Professor  Merivale  said  he  would  like  to  hear  an  opinion  expressed  as  to  the 
width  of  the  belt.  There  appeared  to  be  a  great  difference  of  opinion  on  this  point. 
Some  approved  of  5  feet  and  upwards  ;  others  said  that  was  too  much,  and  made 
their  belts  as  narrow  as  3  feet.  In  the  belts  he  had  put  in  he  had  tried  to  hit  the 
happy  medium,  and  made  them  4  feet  6  inches.  The  wider  belts  were  an  advantage 
if  the  lads  could  really  reach. 

Mr.  G.  B.  Foestee — I  find  I  must  apologise,  Mr.  Tate.     I  thought  you  meant  a 
screen  underneath  the  other  jigger. 
Mr.  Tate— No.  sir. 

Mr.  Foestee — I  was  wrong  in  saying  I  had  used  it  before. 
Mr.  Daglish — It  has  two  gauze«  on  the  jigger,  I  suppose  ? 
Mr.  TATE-rYes. 
Mv.  Daglish — That  is  the  wav  we  have  it  at  Marsden, 
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of  the  pap  id,  and  had  not  heard  what  percenta 

thoughl  it  would  be  beat  to  fix 
rnd  pay  them  all  the  same  average, 
tree,  the  boys  standing  nearest   the  Bhoot   would  ha. 
ng0Ut  most  furthesl  away  the  least  chance. 

i:i.uki:ti  said  they  found  no  difficulty  in  paying  every  boyforb 
w.n-k.     It  would  bea  mistake  to  pay  a  genera]  avei  se  there  was  a  great 

difference  in   boys.     Some  would  earn  twice  as  much,  as  others,  not  forthe  reason 

that  one  had end  of  the  belt  and  the  other  the  other,  for  they  were  moved  every 

,I:IV.  r  in  the  same  position  on  th  >  days  running. 

M,.  i  il  they  had  not  much.     If  the  coal  was  very  wet 

ir    might    be  difficult  ;   but   at    Castle   Eden   they  had   a   jigging  Bcreen,  and   he 
thought  the  able  quantity  of  wet  coaL 

Sir.  I.  K.  FOBSTEB  -Making  nuts? 
Mr.  s.  Tate— Y<  -. 

Mr.  T.  B.  Fobbtbb— 1  thought  their  screen  was  a  jigging  Bcreen. 
The  PBE8IDBNT  said,  although  there  would  be  further  opportunity  for  discussion, 
he  thought  it  was  a  subject  they  were  all  familiar  with,  and  as  they  were  all  more 
or  less  acquainted  with  new  arrangements  he  would  be  glad  to  hear  any  further 
questions  or  observations. 

Mr.  CHOS.  BELL  thought  it  was  a  mistake  to  have  t]  i  i  wide  where  they 

bad  anthecoal.     The  hoy  who  had  to  reach  a  long  way  pot  very  tired 

at.  and   would  p  half  the  day  if  he  had  the  chance.     With  a 

I    they   would  pet   the  coal    better   cleaned   than    with  one   5  feet.      He 
had  anothei    n  for  saying  belts  should  he  narrower.      He  thought  they 

made  a  mistake  in  having  boys  for  this  work.*    If  they  hail  women  the  coal  would 
be  I-  1.  and  with  more  peace  and  satisfaction  than  with  boys.     He  would 

advise  them  to  get   women  to  clean  the  coals;  it  was  a  great   mistake  not  to  have 
them. 

Professor  Lebour — At  the  collieries  we  visited  last  month  in  Belgium  nearly 
all  the  work  of  this  kind  was  done  by  women. 

Mr.  Bell — Yea;  but  nearer  home  than  that.     Go  into  Lancashire,  Derbyshire. 
Staffordshire,  or  North  Wa 

The  President — The  Inspection  Act  is  just  passed. 
Mr.  Bell— Inspection  has  nothing  to  do  with  it. 

Mr.  Black ett  apologised  for  speaking  again.     He  had  tried  to  employ  women, 
and  had  done  everything  in  his  power  to  do  so  ;  he  had  put  out  notices  asking  the 
men  to  let  their  daughters  come,  and  had  even  offered  rewards  if  one  or  two  would 
come  as  a  -tan  :  bur  there  was  a  prejudice  against  it  in  this  comity. 
The  PbesideHT — Against  their  acting  as  screeners,  you  mean  / 
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Mr.  Blackett — Quite  so  ;  but  he  did  not  think  they  would  he  able  to  get  them. 
Even  if  they  could  get. the  women  to  act  as  screeners  they  would  have  to  contend 
with  the  union  officials. 

The  President  asked  if  Mr.  Logan  had  anything  to  say  on  the  subject  of  the 
paper  .' 

Mr.  Logan  said  he  put  in  two  belts  lately,  and  he  was  of  opinion  that  they 
could  not  draw  a  hard  and  fast  line,  and  say  that  -1  feet,  4  feet  3  inches,  i  feet 
6  inches,  or  even  5  feet  was  the  proper  width.  Eveiy  colliery  manager  knew  his 
own  circumstances  best,  and  could  best  decide  on  what  would  suit  him  both  as 
regards  width  of  the  belt,  and  whether  or  not  he  should  have  a  centre  compartment. 
He  thought,  however,  they  should  not  expect  a  boy  to  stretch  more  than  about 
2  feet  3  inches.  He  thought  cleaning  coal  from  the  belt  was  the  most  efficient 
system  yet  adopted. 

The  President  said,  as  there  were  no  other  remarks  offered,  it  was  his  pleasing 
duty  to  propose  a  vote  of  thank-  to  Mr.  Tate.  In  the  first  place  that  gentleman  had 
given  him.  some  time  ago,  the  opportunity  of  examining  the  jigger  screens  and  belts, 
as  had  also  Mr.  Daglish  and  Mr.  May.  He  regretted  the  last  named  gentleman  was 
not  present  to-day,  as  he  would  no  doubt  have  been  able  to  give  them  a  good  deal  of 
information  as  to  the  systems  in  use  at  Boldon  and  St.  Hilda.  These  jigger  screens  were 
all  the  creations  or  improvements  of  the  last  six  years  ;  they  had  been  put  in  in  place 
of  old  machinery,  and  they  were  therefore  not  at  all  free  agents  as  to  the  width  of  belts, 
etc.  When  the  paper  was  open  again  for  discussion  each  member  would  no  doubt 
be  prepared  to  discuss  it  in  a  practical  way,  and  he  hoped  they  would  have  the 
pleasure  of  Mr.  May's  and  Mr.  Lawrence's  presence,  and  that  they  would  all  hear 
of  something  more  suitable  for  their  own  particular  requirements  than  what  they 
had  had  hitherto.  He  had  pleasure  in  moving  a  vote  of  thanks  to  Mr.  Tate  for 
bringing  this  interesting  subject  forward. 

Mr  Tate  acknowledged  the  compliment. 


Mr.  T.  0.  Robson's  paper  on  "  Faults  at  Redheugh  Colliery,"  was  opened  for 
discussion. 

The  President — Have  you  anything  new  to  add,  Mr.  Robson  1 

Mr.  Robson  said  he  had  another  section  (which  he  proceeded  to  draw  on  the 
blackboard)  which  went  still  further  to  show  the  inconsistency  between  the  faults 
described  in  the  previous  sections.  The  one  now  drawn  on  the  board  was  proved, 
since  the  paper  was  read,  in  the  Brockwell  seam,  and  represented  the  same  fault  at 
a  point  180  yards  further  west  than  that  shown  on  the  Plate  XYZ.  Following  the 
seam  again  for  32  yards  they  had  a  dip  fault,  the  extent  of  which,  however,  he  could 
not  say.  as  it  had  not  been  proved,  but  from  levellings  made  at  both  sides,  he  took 
it  that  the  dip  fault  on  the  one  side  would  be  pretty  nearly  equal  to  the  rise  fault 
on  the  other.  Instead  of  having  a  practically  level  seam  at  180  yards  further  west 
they  had  a  distinct  riser  and  dipper.  It  showed  that  these  faults  were  altogether 
abnormal  and  probably,  as  Professor  Lebour  had  suggested,  they  were  abnormal  for  the 
reason  that  they  were  a  series  of  conglomerations  of  faults  proved  at  different  depths 
and  showing  different  characteristics  at  each  point  where  they  were  proved. 
Whether  there  was  any  correlation  or  not  he  did  not  know — it  was  difficult  to  prove 
— but  he  should  think  not. 

Referring  to  the  sketch  on  the  blackboard,  the  President  asked  if  there  was  a 
hading  as  shown  ? 

B 
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Mr.  Robson  said  there  n      btle    n  no  hade;  the  sketch  y  rough  one 

and  not  quit* 

1  he  !'i:i:>ii>i:vt— V.m  have  no  donbl  about  it  being  a  dipper  .' 

Mr.  Robboh — No,  sir,  not  the  have  the  Beam  on  the  othei   lids,     In 

printing  the  rrausactions  the  sections  had  unfortunately  been  reversed,  the  sections 
'•11  Plate  I.  shonld  have  been  on  Plate  II.  and  via  vend. 

The  Pbebidbnt  suggested  thai  the  error  mighl  I rrected  by  an 

in  the  nexl  pai  1 . 


In  the  absence  of  Mr.  Pitkin,  the  Secretary  exhibited  two  of  that  gentleman's 
uew  electric  safety-lamps.  The  older  and  larger  lamp  weighed  about  8^  lbs.  (not 
quite),  cost  £2  108.,  would  burn  from  20  to  SO  hours,  and  give  a  light  of  aboul  three 
candle-power.  This  lamp,  however,  the  maker  hail  abandoned  in  favour  of  the 
Bmaller  one.  weighing  6  lbs.  5|  oze.,  costing  £2,  and  giving  the  same  light  as  the 
other  Lamp,  for  from  10  to  12  hours.  It  was  Baid  there  was  no  danger  whatevei 
of  breakage,  and  the  lamp  could  be  Bhaken  about  a  good  deal  without  hurt,  bul  it 
could  not  be  turned  upside  down.  The  principle  of  the  lamp  was  the  secondary 
battery,  the  large  containing  four  cells,  the  smaller  one  thi 

The  secretary  then  read  a  further  communication  from  Mr.  Pitkin  and 
said  he  had  also  a  note  stating  that  the  lamps  had  been  in  use  at  the 
Waltham  gunpowder  factory  foi  two  and  a  half  years:  also  at  a  colliery  in 
Glamorganshire. 

Mr.  Tate  asked  if  Professor  Lebour  could  say  how  long  it  took  to  recharge  the 
lamps ; 

Professor  Lbboub — No*  I  have  no  further  particulars. 

Mr.  M.  Walton  Bbowh  said  there  was  one  point  Professor  Lebour  had  not 
mentioned.  There  was  a  resistance  coil  in  the  lamp  which  enabled  it  to  be  burned 
at  two  different  powers.  (This  was  demonstrated  with  one  of  the  lamps.)  With 
regard  to  recharging  of  secondary  batteries,  in  most  eases,  except  where  an  exciting 
fluid  was  used,  it  took  somewhat  longer  to  recharge  the  lamp  than  it  would  after- 
wards bum.     A  lamp  burning  eight  hours  would  probably  take  ten  hours  to  recharge. 

This  concluded  the  business,  and  the  meeting  terminated, 


PROCEEDINGS.  11 


NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL  MEETING,  Saturday.  December  Hth.  1889. 


Mr.  John  Marley,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  previous  meeting,  ami  in  reporting  the 
proceedings  of  the  Council  said  there  was  not  much  new  to  tell  except  with  reference 

to  the  Federated  Institution  of  Mining  Engineers.  Since  the  last  general  meeting  the 
Council  had  met  at  York,  and  it  had  been  decided  that  the  first  general  meeting  of 
the  members  of  the  different  Institutes  should  take  place  at  Sheffield  on  the  22nd 
and  23rd  of  January.  A  full  programme  for  those  days  would  'oe  issued  as  soon  as 
the  necessary  details  were  obtained  from  the  officials  of  the  Midland  Institute,  who 
had  most  of  the  arrangements  in  hand.  But.  in  a  general  way.  he  was  already  in  a 
position  to  explain  that  the  first  day  would  be  taken  up  by  the  reading  of  papers. 
visits  to  a  few  works  in  the  immediate  neighbourhood,  a  dinner,  etc.  The  next  day 
would  be  given  up  entirely  to  visits  to  works  and  collieries,  especially  such  collieries 
as  had  any  specialities  worthy  of  notice.  As  soon  as  the  programme  was  ready,  it 
would  be  sent  to  all  members  ;  and  as  Secretary  he  would  like  them  to  let  him  know 
a-  early  as  possible  whether  they  were  going  or  not,  as  a  good  many  of  the  arrange- 
ments depended  on  the  number  of  members  going,  and  it  was  only  fair  to  those  who 
had  taken  the  trouble  for  them  that  they  should  have  some  idea  of  the  number  likely 
to  attend. 

Mr.  Cochrane  asked  if  the  arrangements  for  the  Sheffield  meeting  would  be  such 
as  to  allow  of  members  leaving  Newcastle  on  the  morning  of  the  22nd.  or  must  they 
be  there  the  previous  day  ? 

The  PRESIDENT  said  he  had  visited  Mr.  Rhode-,  the  President  of  the  Midland 
Institute,  the  previous  week,  with  a  view  to  making  some  arrangements  for  the 
meeting,  and  amongst  other  things  it  had  been  arranged  that  any  one  who  had  a 
special  wish  to  see  coal-cutting  and  electrical  appliances  in  connection  with  coal 
mining,  would  not  only  have  an  opportunity  of  seeing  these  things  the  day  after 
the  meeting  on  which  papers  would  be  read:  but  special  arrangements  would  be 
made  by  which  they  could  see  them  in  the  morning  prior  to  the  meeting,  and  by 
that  means  members  could  make  their  arrangements  to  suit  their  own  convenience. 
Those  who  liked  could  go  on  the  Tuesday  night,  and  time  tables  and  other  par- 
ticulars would  be  given  in  a  few  days.  Inasmuch  as  the  Midland  people  thought 
they  had  something  to  show  both  as  regards  coal-cutting  by  machinery  and  the 
application  of  electricity  to  various  acts  of  mining,  the  transmission  of  power,  and 
so  on,  the  privilege  had  been  given  of  seeing  these  various  machines  before  the  dis- 
cussion as  weU  as  afterwards.  Those  whom  it  would  suit  best  could  go  on  the  Tues- 
day night,  others  could  go  on  Wednesday  morning. 
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l  ie  following  gentlemen  were  elected,  having  l>een  previously  nominated: — 

\1  i:\ii;  Kics— 
Mr.  T.  Colqnhonn,  Minn,    I  .  uv-t  Stanley  Colliery. 

Captain    William   Charles  Chitty   Erskine,   Inspector  of   Mines,   Kimbt 

Bonth  At 
Mr.  William  Tasker  Uallimond,  Mining  I  Byn  Gold 

Mining  Company,  Limited,  Boksburg,  Johannesburg  Transvaal, 
Mr.  Jethro    Longridge,  Colliery    Manager,    Burradon    Colliery,    Newc 

on-Tyne. 
Mr.  Thomas  Lowden,  Colliery  Manager,  Eamsteels,  near  Durham. 

^SSOGLA  i  i 

Mr.  William  Draper,  Assistant  Under  Manager,  New  Seaham  Colliery,  Sunder- 
land. 

Mr.  John  William  Forster,  Assistant  (Certificated  Manager,  under  Act), 
Silksworth  Colliery,  Sunderland. 

Mr.  John  Charles  Hall,  Surveyor,  Trimdon  i  •   Durham. 

Mr.  Francis  Burdett  Johnson,  Mechanical  Engineer,  1,  Charles  Street,  Marsden 
Colliery. 

Mr.  John  Biddell,  Under  Manager,  Shjlbottle  Colliery.  Lesbury,  R.S.O. 

Mr.  John  Southern,  Master  Wasteman,  Heworth  Colliery,  Newcastle-on-Tyne. 

Mr.  Matthew  Walton,  Assistant  Manager,  Dearham  Colliery. 

The  following  gentlemen  were  nominated  for  election  :— 

Member — 
Mr.    Daniel    Henry    Bayldon,    Mining    Engineer.   Thames    Gold-Field,   New 
Zealand;  and  3,  Drapers'  Gardens,  London.  K.< 

Associates — 
Mr.  Sidney  Bates,  Surveyor,  etc.,  The  Grange,  Prudhoe-on-Tyne. 
Mr.  John  Bell,  Under  Manager,  Wardley  Colliery,  Newcastle-on-Tyne. 
Mr.  Thomas  Hepburn,  Under  Manager,  South  Street,  Langley  Park,  Durham. 
Mr.  Robert  Richardson,  Under  Manager,  Throckley  Colliery. 
Mr.  George  D.  Ridley.  Colliery  Surveyor,  Tudhoe  Colliery.  Spennymoor. 
Mr.  Andrew  Watson,  Colliery  Engineer.  New  Seaham  Colliery.  Sunderland. 

Mr.  Thos.  Bell.  ELM.  Inspector,  referring  to  the  list  of  members  for  election, 
asked  what  part  of  the  Mines  Act  provided  for  an  "assistant  manager"  ? 

The  Secretary— I  don't  know. 

Mr.  BELL — Nor  I.  I  see  there  is  also  '"assistant  under  manager";  I  don't  know- 
thai  official  either. 

Mr.  G.  B.  FORSTER — I  don't  think  he  comes  under  the  Act. 

The  President — I  suppose  the  particulars  are  copied  from  the  nomination  paper 
as  it  comes  to  us. 

Professor  Lebour — That  is  so. 


Mr.  R.  F.  Boyd  read  a  memoir  of  the  late  Mr.  E.  F.  Boyd,  F.G.S.,  which  is  pub- 
lished separately  with  a  portrait  in  pamphlet  form,  an  abstract  of  which,  containing 
the  particulars  of  his  professional  career  in  connect!  □  with  the  coal  trade,  will  be 
given  in  the  next  part  of  the  Proceedings. 
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The  President  said  it  fell  to  his  lot  to  perform  a  pleasing  duty,  and  yet  a  feel- 
ing one.  They  had  heard  a  memoir  of  one  who,  twenty  years  ago.  was  President  of 
the  Institute,  and  therefore  one  of  his  predecessors.  He  (Mr.  Marley)  also  appeared 
in  another  capacity  as  a  pupil  of  Mr.  Boyd,  so  that  he  felt  it  was  especially  his 
duty,  as  President,  to  move  that  they  pass  in  silence  a  vote  of  thanks  to  their  Past- 
President's  son.  Mr.  Hugh  F.  Boyd,  for  his  kindness  in  contributing,  and  to  Mr. 
Robert  F.  Boyd  for  reading,  this  memoir.  With  these  few  words  he  would  do  his 
duty  best  by  simply  putting  the  motion,  after  it  had  been  seconded,  for  the  meeting 
to  pass  in  silence  with  a  full  show  of  hands. 

Mr.  G.  B.  Forster  said  he  was  privileged  in  being  allowed  to  second  the  vote  of 
thanks.  He  was  sure,  of  all  people  in  the  district,  the  Mining  Institute  owed  per- 
haps more  to  Mr.  Boyd  than  anyone  else  ;  and,  whether  they  considered  his  connec- 
tion with  this  Institute  and  with  the  College  of  Science,  his  efforts  to  advance  the 
education  of  both  professional  men.  and,  as  his  memoir  said,  of  those  under  him,  or 
his  integrity  and  worth,  his  diligence  and  skill  in  his  professional,  or  geniality  and 
amiability  in  his  private  character,  he  thought  they  might  well  say  they  would  be  a 
long  time  before  they  would  look  upon  another  like  him. 

The  PRESIDENT — Gentlemen,  you  will  kindly  show,  by  holding  up  your  hands, 
that  this  vote  is  fully  and  unanimously  acquiesced  in. 

The  vote  of  thanks  was  earned  in  silence. 


Mr.  Wh.  Cochrane  submitted   the   following   ••Obituary   Notice  of  the   late 
M.  TheophileGuibal"  :— 
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OBITUARY  NOTU  E  OF   nil.  LATE   II.   rHEOPHILE  GUIBAL. 
I'.v    W.   COOHB  v.M.. 

Theophile  Guibal  was  born  at  Toulouse  on  the  3 1  - 1  May,  L814.  At  19  years  of 
age,  after  private  tuition,  be  was  attracted  by  the  reputation  of  the  Ecole  Cent  rale 
Ixta  et  Manufacture-  de  Paris  to  resort  to  it  for  the  purpose  of  a  scientific 
education.  Be  entered  in  October,  1833, and  passed  the  three  year-,'  course  with 
considerable  distinction,  developing  his  inventive  genius,  even  at  this  early  age,  in  a 
remarkable  degree,  his  principal  bent  being  toward.-,  mechanical  appliances  fox  mining 
purposes,  a-  an  illustration  may  be  mentioned  the  Btudy  which  gained  for  him  bis 
diploma  of  mechanical  engineer.  In  this  lie  worked  out  the  use  of  two  long  spear 
rods,  Like  the  BO-caUed  "  man-engines"  of  the  Cornish  mines,  for  the  delivery  of  eoal 
up  a  shaft,  baskets  which  were  in  use  at  thai  date  being  automatically  attached  and 
detached  at  the  end  of  each  stroke  of  the  engine,  similarly  to  the  progress  of  a  miner 
up  or  down,  wiih  the  result  of  delivering  a  full  bucket  at  the  top  and  an  empty  one 
at  the  bottom  for  each  stroke. 

[[is  first  practical  work  was  in  the  service  of  Eugene  Flaehat.  a  Leading  French 
mining  engineer,  under  whom  he  assisted  to  carry  out  various  mechanical  engineering 
works. 

In  October,  1837,  the  project  of  a  School  of  Mines  in  the  province  du  Hainaut, 
Belgium,  was  started,  the  chief  professorial  chair  of  which  seemed  to  M.  Guibal  to 
satisfy  hi-  ambit  ion  to  have  a  large  Held  of  study  in  every  department  relating  to  the 
working  of  mines.  His  application  for  the  post,  backed  by  the  reputation  he  had 
acquired,  was  successful,  and  he  settled  at  Mons  to  carry  out  the  duties  he  had 
undertaken.  His  teachings  and  his  investigations  covered  the  whole  range  of  mining 
experience.  He  had  a  marvellous  facility  for  imparting  information,  a-  i-  gratefully 
acknowledged  by  those  who  were  in  hi-  classes,  and  is  known  to  some  of  the  members 
of  this  Institute,  who  had  the  privilege  in  later  years  of  knowing  him  and  deriving 
the  benefit  of  his  varied  knowledge.  Hi-  original  works  for  the  improvement  of 
mining  science  are  also  of  world-wide  reputation.  Among  these  was  the  sinking 
through  water-bearing  S<  rata  tit  a  great  depth  where  pumping  power  was  inapplicable. 
An  interesting  description  of  this  will  be  found  in  a  biographical  notice  in  the  "Pub- 
lication-- ile  la  Societe  do  Ingenieurs  dn  Hainaut."  a  copy  of  which  is  in  the  library 
of  this  Institute.  It  will  be  -ecu  with  what  fertile  resource  and  determination  he 
met  the  many  difficulties  which  were  encountered. 

Another,  perhaps  the  most  important,  of  hi-  works  to  which  much  of  his  life  was 
devoted,  was  the  improvement  of  machinery  for  the  ventilation  of  mines.  His  system 
of  ventilation  i>  so  well  known  to  this  Institute,  and  is  so  fully  discussed  in  the 
Transaction-,  that  it  need  only  be  referred  to.  The  introduction  of  it  into  this 
country,  about  1863,  gave  tin  impetus  to  the  investigation  of  mechanical  ventilation. 
which  it  may  be  said  has  Led  to  the  adoption  of  machine  ventilators  in  almost  all 
important  collieries. 

Prior  to  L 863,  the  earliest  reference  i"  mechanical  ventilators  in  the  Transactions 
i-  in    Vol.  LII.,  by  J.  J.  Atkinson,  in  the  1854-5,  and  the  earliest  application 

recorded  in  your  Transactions  in  tin-  country  was  by  the  same  author  in  Vol.  XI.. 
that  of  Elsecar  and  Tursdale  Colliery,  on  the  "  Biram  "  principle.     The  useful  effect 
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was  given  a-  12-09  per  cent.  The  Guibal  form  wa-  fir-t  adapted  to  the  Tursdale  Fan 
in  1863,  and  subsequently  in  its  entirety  at  Elswick  Colliery.  The  result?  are 
embodied  in  Vol.  XIV..  in  the  year  1864-5. 

So  decided  an  advance  was  established  in  the  useful  effect  of  centrifugal  action 
ventilators  that,  sjuee  then,  it  has  been  largely  adopted,  and  it  may,  without  fear  of 
challenge,  be  asserted  that  ir  has  established  the  supremacy  of  centrifugal  action 
against  all  others  for  the  purpose  of  mine  ventilation.  It  was  in  view  of  this  import- 
ant invention  that  you  elected  M.  Guibal  an  honorary  member  of  this  Institute  in 
April,  1870.  The  Aeademie  Franeaise  awarded  him  for  the  same  work  the  prize  for 
the  most  important  invention  of  his  rim^  for  the  health  of  miners.  He  died  16th 
September.  1888. 

The  School  of  Mines  in  Hainaut  has  decided  to  erect  some  monument  to  his  memory 
and  in  lasting  recognition  of  his  life's  work,  which  they  consider  has  so  largely  bene- 
fited the  mining  world.  This  opinion  is  already  confirmed  by  other  countries  than 
Belginm.  which  was  only  the  country  of  his  adoption,  and  you  are  invited  to  support 
this  object,  which  will  only  be  a  confirmation  of  the  honour  to  the  Institute  of  having 
such  a  man  enrolled  upon  your  list  of  honorary  members. 


Mr.  Cochrane  said,  he  had  not  had  time  to  give  all  the  details,  but  there  was  a 
complete  French  memoir  in  the  library  which  any  member  could  refer  to  who 
wanted  to  know  the  particulars  of  the  very  difficult  works  that,  as  a  young  man 
entering  his  profession.  Mons.  Guibal  encountered. 

The  School  of  Mines  at  Hainaut  had  decided  to  erect  some  monument  to  him. 
The  Council  of  this  Institute  had  considered  the  matter,  and  he  understood  the 
members  would  be  asked  to-day  to  confirm  a  contribution  from  the  fund  of  the 
Institute  to  assist  in  raising  that  monument,  which  was  to  be  considered  inter- 
national. M.  Guibal  was  not  a  Belgian,  though  that  was  the  country  of  his 
adoption,  and  France,  where  he  was  born.  Germany,  and  Belgium  itself  were  com- 
bining to  put  their  names  on  such  a  monument  as  would  be  raised  to  his  memory, 
that  it  might  be  shown  that  the  work  he  did  was  universally  approved,  and  that 
he  was  in  his  time  a  most  important  contributor  of  mechanical  appliances  to  the 
development  of  the  mining  industry. 

The  President — The  Secretary  will  read  the  minute  of  the  Council. 

Professor  Lebour  read  the  following  : — 

Memorial  to  the  late  Professor  Gwibal. — On  themodonof  Mr.  Douglas,  seconded 
by  Mr.  W.  Armstrong.  Jun..  that  the  sum  of  £2.3  be  subscribed  to  the  Guibal 
Memorial  Fund  now  being  formed  in  Belgium  :  and  Mr.  Cochrane  undertook 
the  correspondence  on  this  subject  with  the  manager  of  this  fund. — Minute 
of  Council,  30th  November,  1H89. 

Mr.  A.  L.  Steavenson  regretted  that  he  had  not  been  able  to  hear  the  paper 
read,  but  from  his  knowledge  of  the  fan  invented  by  M.  Guibal  and  his  different 
works  as  an  engineer,  he  (Mr.  Steavenson)  was  sure  that  whatever  Mr.  Cochrane  had 
said  was  well  deserved.  He  was  a  man  belonging  to  no  nation,  but  to  every  country, 
and  his  discoveries  were  invaluable  to  the  whole  world.  He  (Mr.  Steavenson)  had 
pleasure  in  proposing  a  vote  of  thanks  to  Mr.  Cochrane  for  writing  the  memoir. 

Mr.  M.  Walton  Brown  seconded. 
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rhe  Pbbsident  laid  he  cordially  agreed  with  Mr.  81  '    ,andpul 

the  motion  to  the  meeting.     l\  was  unanimously  adopted. 

Mr.  Cochbane,  in  thanking  the  meeting  foi  the  rote  of  thanks,  said  he  wa 
to   tiii. i   that    whal  little  he  bad  written  ited    by  Mr.   BteaTenaon'i 

remarks.      Whal   M.  Ouibal  did  in  his   life  was  of  world-wide  Importance.      Be 

hoped  he  would  have  the  pleasure  of( n  A        Briarl  the  confirm*- 

tion  of  the  Council's  recommendation. 

The  Chaibman  pul  the  recommendation  oJ  the  Council  to  the  meeting,  and  il 
wa>  unanimously  confirmed. 

Mr.  Coohbanb  Bald  he  would  communicate  to  Mons.  Briarl  the  rote  of  the 
Institute,  and  also  their  reception  of  the  memoir. 


The  President  stated  that,  owing  to  the  absence  of  Mr.  Bayldon,  that  gentle- 
man's paper  on  "  The  Hauraki  Mining  DiBtricI  (Northern  Section),  Auckland,  New 
Zealand,"  would  be  read  at  the  next  meeting. 


The  following  paper  by   Messrs.  T.  E.  Porster  and  II.  Ayton  on  "Improved   Coal 
Screening  and  Cleaning  "  was  read  : — 


IMPROVED   COAL   SCREBNJXU    AND    CLEANING. 


IMPROVED  COAL  SCREENING  AND  CLEANING. 
By  T.  E.  Forsteb  and  H.  Ayton. 

Perhaps  in  no  department  of  above-ground  colliery  plant  has  a  greater  change 
taken  place  during  the  past  few  years  than  in  that  which  appertains  to  the  treat- 
ment of  the  coal  after  reaching  the  surface. 

The  introduction  of  mechanical  means  for  screening  and  cleaning  coal  is  now 
taking  place  on  so  extensive  a  scale,  and  has  been  proved  to  be  so  economical  and 
efficient,  that  the  old-fashioned  fixed  screens,  with  their  heavy  charges  for  the  labour 
required  for  screening,  cleaning,  and  banking  out,  with  in  many  cases  comparatively 
unsatisfactory  results,  are  being  rapidly  superseded  in  most  parts  of  the  country  by 
the  introduction  of  machinery  to  do  their  work. 

Although  various  systems  of  mechanically  treating  coal  have  been  applied  for  a 
considerable  number  of  years,  they  appear  only  to  have  been  utilised  in  isolated 
cases  until  the  evolution  of  the  travelling  picking  table  or  belt,  generally  in 
combination  with  the  vibrating  screen,  drew  attention  to  the  economy  and  advan- 
tages to  be  gained  by  the  application  of  this  particular  system. 

Its  success  is,  no  doubt,  due  to  the  very  much  greater  ease  and  economy  with 
which  coal,  and  more  especially  that  from  either  mixed  seams  or  those  which  con- 
tain a  very  high  proportion  of  refuse  or  inferior  coal,  can  be  treated  as  well  as  to 
the  reduction  in  the  amount  of  breakage  which  takes  place,  and  the  consequently 
improved  state  of  the  coal  when  ready  for  market.  In  addition  to  this,  it  may, 
perhaps,  to  a  certain  extent  be  accounted  for  by  the,  comparatively  speaking,  low 
cost  of  installation,  and  the  ready  adaptability  of  the  system  to  existing  heapsteads, 
and  to  places  where  it  is  impossible  to  make  any  great  alteration  in  the  structural 
arrangements  and  general  disposition  of  affairs. 

There  is  also,  no  doubt,  a  considerable  advantage  to  be  derived  from  the  ease 
with  which  the  banking-out  operations  can  be  performed,  especially  in  the  case  of 
large  outputs  and  the  saving  which  may  in  consequence  be  effected  under  this 
head,  not  to  mention  the  greater  facility  with  which  the  small  coal  can  be  collected 
for  further  manipulation  where  it  is  so  required. 

The  general  arrangement  of  a  screening  and  cleaning  plant  of  the  above  nature 
varies  to  so  great  an  extent  with  the  quantity  to  be  treated,  the  nature  and  amount 
of  the  refuse  to  be  separated,  and  the  specific  purpose  for  which  the  coal  is  to  be 
subsequently  marketed,  in  addition  to  the  local  requirements  of  each  individual 
colliery,  that  it  may  perhaps  be  more  expedient  to  describe  certain  details  and 
arrangements,  suitable  for  general  purposes,  before  offering  any  remarks  as  to  the 
main  principles  and  points  to  be  taken  into  consideration  in  laying  out  a  plant  for 
any  definite  purpose. 

Motive  Power. 

The  position  of  the  engines  used  to  drive  an  apparatus  is  frequently  a  matter  of 
some  consideration.  It  is,  of  course,  advisable  to  place  the  engine  as  near  as  possible 
to  its  work,  and  to  complicate  the  gearing  to  as  small  a  degree  as  possible.  At  one 
time  it  was  considered  to  be  a  great  advantage  to  drive  the  belts  from  the  leading 
end,  but  except,  perhaps,  in  the  case  of  very  long  and  heavily  loaded  belts  (where 
a  separate  engine  is  frequently  employed),  it  is  now  more  usual  to  find  the  driving 
power  applied  at  the  back  end,  owing  to  the  fact  that  it  is  usually  the  most  con- 
venient paint  and  being  close  to  the  screens,  allows  a  large  amount  of  shafting  to 
be  dispensed  with. 
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In  canes  where  there  is  *ery  little  variation  in  the  nature  and  elan  of  tl  i 
produced,  and  the  amount  of  separation  which  is  required,  i'   is  generally  brand 
Bufflcienl   to  drive  both  belts  and  screens  from  th  tnder  such 

circumstances  it  is  highly  improbable  that  any  variation  between  the  ratio  of  the 
in  and  bell  BpeedB  will  in-  required. 

In  some  iu-tam  ..■!,  it   may  happen  to  !»■  m ssary  to  alter  the  relative 

ier  frequently  or  al  intervals,  and  ii  is  therefore  preferable  to  employ  an 
independent  engine  to  actuate  the  screens.    Cases  such  as  these  may  occur  where 

there  is  a  great  variation  in  the  nature  of  the  prodti I  different   parts  or  seams  of 

a  colliery,  in  the  relative  proportions  "i  coal  which  is  to  be  passed  over  the  belt  at 
any  time,  as,  tor  instance,  in  the  case  of  a  plant  making  unscreened  coal  at  frequent 
and  irregular  intervals  when  the  bell  speed  requires  to  he  increased  to  thin  the  coals 
down  to  a  proper  degree  for  easy  picking,  and  th.-  screens,  if  fitted  with  dumb 

plates,  require  to  he  slowed  down. 

It  is,  furthermore,  at  times  a  matter  of  great  difficulty  to  estimate  the  correct 
speeds  in  the  ease  of  unopened  seams  or  collieries,  although  such  difficulties  may  be 
to  some  extent  guarded  igainst  by  arrangements  for  regulating  the  feed  and  length 
of  stroke  of  screens. 

Fig.  1,  Plate  II.,  represents  an  arrangement  which  was  applied  to  an  apparatus 
sent  to  the  New  South  Wales  coal-field,  with  the  view  of  enabling  the  engines  either 
to  lie  run  as  a  pair  working  the  entire  plant  or  to  he  disconnected  and  used  inde- 
pendently. The  left-hand  engine  can  be  employed  to  drive  the  helts  and  the  right- 
hand  one  the  screens,  or  the  two  can  be  coupled  by  means  of  a  coupling  between 
the  cranks.  Each  cylinder  also  is  made  sufficiently  large  to  drive  the  whole  plant 
m  case  of  accident  to  the  other  so  as  to  avoid  any  long  stoppage. 

It  is  also  a  matter  of  some  consequence  where  engines  and  machinery  arc  placed 
on  a  heapstead,  as  frequently  occurs,  to  pay  some  regard  to  the  general  construction 
and  balancing  of  the  machinery,  so  as  to  minimise,  as  far  as  possible,  the  vibration 
which  is  often  unavoidable  without  having  to  employ  an  unnecessary  amount  of 
material  on  the  erection  which  carries  it. 

SCBEENS. 

These  may  be  divided  into  two  classes,  viz..  the  mains  screens,  on  to  which  the 
whole  produce  of  the  colliery  is  passed,  and  secondary  screens  for  the  treatment  of 
the  smaller  classes  of  coal. 

Main  screens.  The  amount  of  fall  required  on  a  vibrating  screen  varies,  of  course, 
with  the  nature  of  the  coal,  and  also  to  a  smaller  degree  with  that  of  the  screen 
itself  and  its  speed  and  throw.  Approximately  speaking,  a  fall  of  about  3  to  3  J 
inches  per  foot,  or  an  angle  of  14-15  degs..  will  be  found  suitable  for  most  classes  of 
coal  in  this  district,  the  necessary  angle  (other  things  being  equal)  being  slightly 
less  for  bars  or  locket-work  screens  than  for  square  wire  gauze  or  ''sectional" 
locket-work. 

The  simplest  form  of  screen  is  a  tray  containing  the  gauze  suspended  on  short 
vibrating  arms  carried  from  the  fixed  sides  of  the  screen  frame.  (Fig.  6n,  Plate  III.) 
In  some  instances  a  dumb  tray  is  added  underneath  for  the  collection  of  the  small, 
where  it  is  required  for  further  treatment,  and  where  a  hopper  cannot,  advantage- 
ously he  placed.  (See  A,  Fig.  15,  Plate  IV.)  In  other  cases  the  whole  body  of  the 
screen  is  slung  from  above  and  subjected  to  the  jigging  motion,  the  screening  surface 
being  fixed  inside  it,  with  a  flat  hopper  underneath  to  deliver  the  small  at  one  point. 
(Fig.  2,  Plate  I.)  This  entails  the  movement  of  an  extra  amount  of  weight,  and  is 
consequently  only  suitable  for  screens  of  ordinary  dimensions ;  but,  on  the  other 
hand,  it  is  possible  to  arrange  a  screen  of  this  description  so  that  the  angle  may  be 
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varied  without  much  difficulty  or  delay.  Where  two  or  more  -creens  are  in  use.  and 
worked  from  the  same  shaft,  the  eccentrics  are  set  so  that  a  balance  is  effected  by 
the  simultaneous  opposite  movements  of  the  screens  :  and  where  unusually  long 
screens  are  required,  it  is  better  to  cut  them  so  as  to  form  two  consecutive  screens, 
each  driven  by  its  own  eccentrics  and  balanced  as  above.     (Fig.  21,  Plate  VIII.) 

Provision  is  also  desirable,  where  screens  are  in  duplicate,  for  throwing  either  out 
of  gear,  and  for  varying  the  length  of  throw,  which  is  usually  done  by  variable 
eccentrics  (Fig.  16.  Plate  II.)  or  otherwise. 

The  width  and  length  of  the  screening  surface  depends  on  the  quantity  of  small 
to  be  extracted,  the  condition  of  the  coals,  and.  where  the  screen  is  not  fed  by  a 
regulator,  on  the  size  of  tub  which  is  used. 

The  general  width  is  from  4  to  5  feet  or  more,  and  in  most  cases  a  gauze  of  8  to 
10  feet  in  length  is  found  sufficient. 

The  most  important  point  to  be  watched  is  the  passage  of  the  coals  on  to  the 
screening  gauze  in  a  regular  and  even  layer,  so  that  the  whole  of  the  small  may  be 
eliminated.  Where  coal-  are  allowed  to  rush  forward  on  to  the  gauze  in  a  heap  a 
longer  gauze  is  required,  and  perfect  separation  becomes  a  matter  of  difficulty  or 
chance.  This  may,  however,  be  ensured  by  the  employment  of  a  fixed  shoot  at  the 
head  of  the  >creen,  on  to  which  the  coals  are  tipped,  passing  gently  forwards  on  to 
the  gauze,  which  is  in  consequence  preserved  from  undue  wear  and  tear.  The  addi- 
tion of  a  regulating  trap  above  the  gauze  is  further,  and  more  especially  for  rapid 
teaming,  a  great  advantage  ;  and  where  the  space  at  disposal  does  not  allow  of  a 
sufficient  length  of  shoot  a  "spreader"  (B.  Fig.  15.  Plate  IV.).  consisting  of  a  plate 
slightly  hollowed  in  the  middle  so  as  to  prevent  the  coals  sliding  forward  in  a  mass, 
and  fixed  immediately  above  the  gauze,  with  which  it  vibrates,  is  perhaps  as  efficient, 
and  requires  no  attention. 

The  material  of  which  the  screening  surface  is  composed  is  usually  either— 

1.  Steel  bars,  made  as  light  and  as  deep  as  is  possible  in  order  to  ensure  the  clear- 
ance of  the  small,  and  occasionally  plates  with  openings  arranged  on  different  plans. 
These  are.  however,  somewhat  heavy,  and  the  actual  amount  of  surface  open  for  the 
passage  of  small  is  less  in  comparison  than  with  steel  oi  wire  gauzes,  which  are  com- 
monly preferred. 

i'.  Square  wire  gauze.  (Fig.  3.  Plate  II.)  This  has  the  advantage  of  lightness  and 
cheap  first  cost,  and  appears  to  be  most  commonly  employed.  Where  the  coal  con- 
tains long  thin  or  "'shivy"  pieces,  they  can  be  passed  over  without  dropping  into  the 
small,  as  sometimes  happens  with  bars  or  locket-work.  This  is  frequently  of  import- 
ance where  stones  of  the  above  nature  are  present,  and  the  small  coal  receives  no 
further  treatment. 

With  large  and  heavy  coaL  there  is  sometimes  a  tendency  tor  the  cross  wires  to 
spread,  which  can,  however,  be  to  some  extent  obviated  by  using  a  double  crimped 
wire  gauze,  or  by  increasing  the  gauge  of  the  wires. 

3.  Locket-work.  (Fig.  1,  Plate  II.)  This  is  formed  of  continuous  wive-  tunning 
the  full  length  of  the  gauze,  and  turned  at  intervals  (generally  of  1^  to  5  inches) 
over  round  iron  bars.  It  presents  a  smoother  surface,  and  is  self-supporting,  requir- 
ing no  stretching-frame,  as  in  the  case  of  square  wire  gauze.  The  first  cost  is  higher 
than  the  latter:  but  it  is  j-ometimes  preferred  a-  showing  little  or  no  tendency  to 
lose  its  gauge.  The  thickness  of  the  wire  used  is  dependent  to  some  extent  on  the 
gauge  of  the  screen,  a  certain  number  of  turns  on  the  bar  having  to  tit  with  the  open 
spaces  between  the  wires. 

4.  Sectional  locket-work.  (Fig.  5,  Plate  II.)  This  form  of  locket-work  has  been 
introduced  with  the  object  of  facilitating  any  repairs  whicli  may  be  required.  It  is 
constructed  so  that  the  section  between  every  two  bars  is  formed  of  an  independent 
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mre,  andean  be  removed  and  replaced  b]  bion.    The  wire  is  twitted  round 

the  '  wo  ban,  alternal  no  the  bottom  of  one  to  the  top  of  the  other, 

bown.    This  destroys  the  smooth  rarface,  and  forms  a  Dumber  of 
ments  in  which  -mall  pieces  of  coal  are  .- l i < t  to  catch,  and  bo  tends  to  destroy  the 
efficiency  of  the  screen. 

The  relative  duration  of  the  different  forms  oi  si  on  which 

h  is  difficult  t.i  obtain  reliable  information,  bul  as  Ear  as  can  be  gathered  the  cost  of 
repairs  and  renewals  to  the  screening  Burface  is  Less  than  in  the  case  of  fixed  - 

following  shows  the  different  gaugesof  the  wires  which  are  usual 
foi  Bcreen  gauzes,  with  the  approximate  cos1  per  square  foot. 
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Locket-work  bars  usually  I  inch  to  i  inch  diameter  ami  4A  inch  centres,  leaving  about 
3  inches  clear  space.    Prices  are  for  complete  gauzes,  ready  for  screens  of  ordinary  sizes. 

The  speed  and  throw  of  screens  yaiy  inversely,  and  are  also  dependent  on  the 
nature  of  the  coal  and  fall  of  the  screen.  From  90  to  110  vibrations  may  be  taken 
as  a  very  usual  speed,  with  a  throw  of  about  5  inches. 

Secondary  Screens. 

The  general  form  of  nut  screen  is  a  reproduction  of  the  main  jigging  screen,  and 
fitted  as  a  rule  with  square  wire  gauze. 

The  manufacture  of  more  than  one  class  of  coal  on  it.  either  by  employing  a  long 
screen  having  the  necessary  number  of  gauze-,  of  different  mesh  and  separated  by 
short  plate,  (Fig.  21,  Plate  V f  I T . ) ,  or  by  placing  the  gauzes  in  succession,  one  above 
the  other.  (Fig.  17.  Plate  V.)  The  latter  plan  is  perhaps  hardly  so  well  adapted  to 
most  classes  of  coal,  and  is  not  so  generally  in  use  as  the  former  by  which  the 
passage  of  the  coals  over  the  whole  length  of  each  gauze  is  secured. 

When  working  with  a  small  mesh  ii  is  frequently  found  that  the  clogging  of 
the  gauze  by  wet  coal  is  a  serious  defect,  so  much  so  that  at  some  collieries  arrange- 
ments are  made  to  keep  this  coal  out  of  the  nut  screen-  altogether,  and  in  some 
places  revolving  nut  screens  arc  used  as  exhibiting  a  tendency  to  clog  in  a  Lessened 
degree. 

It  is,  of  course,  desirable  to  feed  the  nut  screens  it  possible  by  gravitation  from 
the  main  screens,  hut  where  re-elevation  i>  necessary  the  employment  of  elevating 
belts  where  possible  will  generally  he  found  to  be  an  improvement  on  the  old  form 
of  bucket  elevator.     The  belt  elevator  delivers  the  small  in  a  more  regular  and  con- 
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tinuous  stream,  and  with  a  smaller  amount  of  wear  and  tear.  For  elevating  small 
coal,  angle  or  bucket  plates  may  be  attached  to  the  plates  at  intervals,  the  depth  and 
number  being  proportioned  to  the  load  and  speed  of  the  belt. 

Fig.  6,  Plate  III.,  is  an  illustration  of  the  method  in  use  at  Ashington  Colliery, 
the  elevators  taking  the  small  direct  from  the  main  screen  to  the  nut  screen,  which 
is  placed  immediately  behind  and  in  the  same  line.  A  trap  is  here  provided  at  b  for 
separating  any  wet  coal  from  the  small. 

Where  there  is  sufficient  height  at  disposal  a  nut  screen  placed  immediately  under 
the  main  screen,  either  in  the  same  line  or  at  right  angles  to  it,  is  a  ready  and 
economical  arrangement,  but  it  is  better  where  room  is  small  to  re-elevate  rather  than 
run  the  chance  of  inferior  screening  due  to  insufficient  space. 

Belts. 

There  is,  comparatively  speaking,  but  little  difference  in  the  general  design  and 
construction  of  belts  in  use  a,t  the  present  time.  The  form  which  is  almost  universally 
in  use  consisting  of  steel  plates  attached  to  endless  chains  composed  of  links  usually 
12  to  14  inches  (centres)  in  length,  the  chief  dissimilarities  resting  in  the  form  and 
materials  of  the  links,  and  the  methods  of  attaching  the  plates  to  them. 

A  variety  of  designs  have  been  in  use  from  time  to  time,  such  as  flat  hemp  or 
wire  ropes,  wire  gauze,  chains,  and  plates  on  wire  ropes,  but  these  have  in  most  c 
given  place  to  the  above-named  generally  adopted  pattern.     Plates  bent  so  as  to  pass 
round  a  circular  tumbler  and  others  of  a  corrugated  form  have  also  been  tried,  bul 
apparently  with  a  similar  result. 

The  chain  links  are  generally  either  jaw  links  (usually  cast  steel)  (Fig.  7.  Plate 
I.)  with  a  projecting  bracket  for  the  attachment  of  the  plate,  or  double  and  single 
links  (wrought  iron  or  steel).     (Figs.  8,  9,  and  10,  Plate  I.) 

The  former  constitute  a  lighter  chain,  but  are  not  so  easily  repaired  as  the  latter 
which  are  occasionally  made  with  a  swelling  at  the  ends  so  as  to  ensure  longer  wear. 
The  plates  are  attached  to  single  and  double  chains,  either  by  riveting  through  the 
single  links  and  to  short  pieces  of  angle  iron  which  are  again  riveted  to  the  side  of 
the  double  links,  or  the  angles  may  be  dispensed  with  and  the  double  link  swelled 
near  the  end  to  admit  a  direct  rivet.  (Fig.  8,  Plate  I.)  It  is,  however,  an  undoubted 
advantage  to  be  able  to  substitute  a  plate  without  cutting  any  rivets,  and  with  this 
object  in  view,  the  attachment  is  made  cither  by  riveting  the  plates  to  angle  irons, 
which  are  bolted  to  the  links  (Fig.  9,  Plate  I.),  or  by  hook  bolts  which  grip  the  link 
through  a  hole  in  the  side  and  are  secured  by  a  nut  above  the  plate.  (Fig.  10, 
Plate  I.) 

The  chains  are  usually  carried  on  rollers  placed  at  intervals  of  about  2  feet 
6  inches  apart  on  the  upper  or  loaded  side,  and  double  that  distance  on  the  return 
side.  The  abolition  of  rollers  and  substitution  of  slides  is  a  practice  which  has 
recently  obtained  to  some  extent,  belts  of  200  feet  and  upwards  being  in  operation 
on  this  principle.  It  is,  however,  difficult  to  suppose  that  as  far  as  power  and 
durability  arc  concerned  there  can  be  any  advantage  although  the  firs!  cosl  is 
lessened.  The  tendency  to  sag.  which  roller  belts  often  have.  unles-  fitted  with 
rollers  at  very  frequent  intervals  is  sometimes  objectionable,  and  may  be  obviated  by 
carrying  the  plate  ends  on  angle  irons,  which  also  serve  to  confine  the  coals  to  the 
belt.  (Fig.  11.  Plate  I.)  For  belts  up  to  60  or  70  feet  long  and  I  feet  wide,  carry- 
ing an  ordinary  load,  two  chains  are  sufficient,  but  with  a  greater  width  or  length  a 
treble  chain  is  used.  The  tumblers  should  be  kept  as  small  as  possible  at  the 
leading  end  in  order  to  reduce  the  fall  over  the  belt  end  into  the  shoot.  For  long 
and  heavy  belts  the  driving  tumblers  should  be  fitted  with  projecting  jaws,  but 
for  smaller  sizes  this  is  unnecessary.  A  >liding  tightener  should  be  provided  for 
the  trailing  end.  although  this  i-  -<>mctinies  dispensed  with  on  short  belts. 
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The  main  pointa  to  be  conaidered  In  determining  the  length,  breadth,  and 

..i  the  belting  are  the  ai ml  of  the  load,  the  nature  of  the  coal,  and  the  nature 

and  proportion  of  the  Btone  or  ooal  requii  h  I  on. 

The  speed  Is  governed  by  the  Cad  that,  If  Increased  beyond  certain  limit-,  n 
beoomei  more  difficult  to  ensure  perft  cepl  al  the  oosl  of  onneoe 

extension  of  (he  belt,  and  If  decreased,  the  heaping  of  the  coals  apon  the  bell 
becomes  a  serious  evil,     [1  is  of  the  bighesl  importance  thai  I  lould  only 

be  loaded  with  coals  Buffldent  to  form  a  tolerably  thin  thai  the  red 

can    be  easily  detected,  and  overloading  belts  Bhould  be  carefully  avoided.    The 
meal  suitable  speed  for  picking  appears  to  be  aboul  BO  feel  a  minute,  and  al 
thisil  iBdoubtful  whether, except,  perhaps, in  te  thinner  layer 

obtained   by  the  extra   speed   counterbalances  the  greater  difficulty  in   picking, 
ally  where  chipping  is  requisite,     [rrespective  of  speed  the  length  is  governed 
by  tin'  amount  and  nature  of  the  refuse. 

For  an  average  coa]  containing  anything  up  to  I  per  cent,  oi  refuse  on  the 
total  load  it  will  generally  be  found  sufficient  to  provide  r>  to  50  feel  of  belting 
fora  load  of  800-350  tons  to  be  passed  over  the  bell  in  ten  hours  at  a  bell  speed 
of  oO  feel  per  minute,  the  width  of  bell  being  I  feet,  bul  where  much  chipping 
has  to  be  done  in  addition  it  is  better  to  extend  the  length  to  60  oi  70  feet.  A.1 
higher  speeds,  or  with  a  heavier  percentage  for  separation,  belts  up  to  100  feet 
and  even  more  are  necessary.  It  is  always,  however,  besl  to  err  on  the  Rafe  Bide 
and  allow  a  considerable  margin  in  view  of  any  unforeseen  contingency.  The 
width  (where  there  is  no  middle  division  for  stones)  is  usually  4  feet,  and  from 
this  to   i   feel  6  inches  will  be  found  the  mo-t  convenient.      Five  feet  belts  are 

asionally  used,  bul    it    is  a  question   whether  the   increased  amount  of  space 

obtained  compensates  for  the  greater  distance  the  pickers  (especially  in  the  ease  of 
boys)  have  "to  reach.    The  most  convenient  height  is  aboul  2  feel  6  inches. 

In  Laying  out  a  plant  it  is  always  advisable  to  duplicate  as  far  as  practi 
and  although  it  may  be  possible  to  run  a  large  quantity  on  to  a  screen  and  over  a 
hell  at  a  quick  -peed,  ii  will  lie  found  a  much  safer  course,  as  a  ride,  to  work  with 
two  screens  and  shorter  beltsal  slower  speeds.  The  latter  plan  has  the  additional 
advantage  of  enabling  either  screen  and  belt  to  be  worked  independently  in  case 
of  need,  and  at  a  higher  speed  so  as  to  avoid  any  loss  of  time  should  any  break- 
down  happen  to  the  other.  There  is  always  a  possibility,  reduced  it  is  true  by  careful 
inspection  and  attention  to  a  very  slight  one.  of  a  stoppage  where  machinery  i- 
used,  and  it  is,  generally  .-peaking,  a  satisfaction  to  minimise  the  chance,  as  far  as 
can  reasonably  be  done,  without  any  heavy  increase  in  the  first  cost. 

It  i.-  sometimes  requisite  to  gain  additional  elevation  at  the  delivery  cud,  and 
this  can  Lie  done  by  placing  the  belt  at  the  requisite  angle,  which  is  Limited  by  the 
sliding  power  of  the  coal.  The  greatest  angle  which  ha.-  been  employed  (without 
special  appliances)  being,  it  is  believed,  about  4.\  inches  to  the  foot. 

Loading  shoots. 

The  loading  of  the  coal  from  the  bell  into  the  truck-  is  performed  by  a  .-hoot 
i  a-  close  lo  the  tumbler  a-  possible,  and  -lightly  below  the  line  of  the  tumbler 
shatt.  Several  schemes  have  been  devised  lor  minimising  the  fall  from  the  bell  on 
to  the  -hoot.-,  none  of  which  appear  to  be  particularly  successful  in  practice.  Care- 
ful adjustment  of  the  shoot  and  a  small  tumbler  is  perhaps  the  best  and  simplest 
plan.  The  fall  from  the  fixed  shoot  end  into  the  empty  truck,  and  cousequenl  break- 
age, can  be  io  a  great  extent  a voi, led  either  by  a  short  -hoot  hinged  to  the  end  of  the 
tixed  one. ; and  counterbalanced,  or,  better,  by  a  telescopic  plate  (see  C,  Fig.  1*>.  Plate 
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IV.),  which  may  be  run  out  towards  the  bottom  of  the  empty  track  and  drawn  up 
gradually  as  it  is  filled.  The  very  objectionable  drop  which  takes  place  from  fixed 
screens  is  thus  done  away  with,  and  rapid  loading  facilitated. 

The  above  remarks  refer  generally  to  the  nature  and  construction  of  the  various 
parts,  many  or  all  of  which  are  required  in  every  apparatus. 

It  will  now  be  necessary  to  make  some  observations  as  to  the  different  methods 
in  which  they  may  be  arranged,  so  as  to  form  a  plant  which  is  most  likely  to  be 
suitable  for  any  given  purpose. 

The  subject  may  be  considered  under  two  main  heads,  viz.,  (1)  where  the  screen- 
ing precedes  the  cleaning,  and  (2)  where  the  coal  is  first  cleaned  with  or  without 
subsequent  screening. 

The  first  is  by  far  the  most  usual  system  employed,  and  will  be  found  to  be  the 
best  in  the  ease  of  collieries  where  the  output  is.  as  a  general  rule,  classified,  and 
where  no  large  proportion  of  unscreened  coal  is  made. 

In  many  eases  the  quality  of  the  small  coal  is  sufficiently  good  to  enable  it  to  be 
marketed  without  further  treatment  ;  but  when  picking  is  required,  it  is  perhaps 
more  easily  and  economically  effected  on  a  separate  belt,  where  it  is  free  from  the 
larger  coals,  and  the  small  stones  can  be  more  easdy  detected. 

Where  the  proportion  of  unscreened  to  be  made  is  large,  it  is  sometimes  found 
better  to  tip  the  coals  directly  on  to  the  belt,  and  place  the  screen  at  the  leading 
end,  arranged  in  such  a  way  that  the  unscreened  may  be  loaded  direct  into  the  trucks 
without  passing  over  the  screens.  Unscreened  is  always  more  difficult  to  clean, 
especially  when  the  coal  is  particularly  uneven  in  size.  Under  any  circumstances, 
however,  an  extra  area  of  belt  space  is  most  desirable  for  this  class  of  coal,  so  that  it 
may  be  run  down  to  a  much  thinner  layer  than  is  otherwise  necessary.  At  some 
works  where  only  one  class  of  coal  is  made,  and  the  best  results  desired,  a  series  of 
short  belts  are  used  in  preference  to  one  of  considerable  length,  in  order  that  any  one 
may  be  stopped,  should  the  coal  be  specially  dirty,  without  undue  interference  with 
the  remainder  of  the  work.  The  short  belts  either  deliver  direct  into  wagons  or  on 
to  a  main  collecting  belt,  running  at  right  angles  to  them,  and  into  a  loading  shoot 
in  the  usual  way,  or  on  to  screens  as  an  alternative. 

When  small  quantities  of  unscreened  coal  are  required  at  irregular  intervals  and 
short  notice  it  is  sometimes  best  to  employ  a  dumb  spout  feeding  directly  on  to  the 
belt.  This  is  generally  practicable  when  the  screens  are  at  right  angles  to  the  belts. 
the  only  disadvantage  being  that  it  occupies  a  certain  amount  of  belt  space.  With 
screens  and  belts  in  a  line  the  difficulty  is  greater,  and  is  usually  surmounted  by 
fixing  a  plate  over  the  gauze.  In  this  case,  unless  the  screen  speed  can  be  slowed 
down,  it  is  necessary  to  supply  some  device  in  order  to  prevent  the  coal  sliding  down 
in  a  heap  on  to  the  belt  ;  and  for  this  purpose  an  angle  iron  may  be  fixed  at  the  foot 
of  the  dumb  plate,  or  the  plate  end  bent  slightly  upward,  so  as  to  retard  to  some 
degree  the  passage  of  the  coals  in  a  body.  There  is  also  a  certain  amount  of  time 
wasted  iu  altering  the  screen,  especially  when  frequent  changes  are  unavoidable,  and 
to  obviate  this  difficulty  arrangements  may  be  made  to  remix  the  best  and  small  by 
means  of  a  trap  at  the  screen  foot.  This  method  i-  adopted  at  Cowpen  Mill  Pit.  but 
can  only  be  utilised  when  the  screen  is  fitted  with  a  double  tray.  (D,  Fig.  15,  Plate 
IV.)  It  has  the  advantage,  where  the  belt  is  not  fully  loaded,  of  keeping  the  two 
sizes  partly  separate  on  it,  and  allowing  them  to  be  more  easily  cleaned. 

Fig.  12,  Plate  VI.,  represents  a  device  which  is  employed  at  the  St.  Hilda  Colliery 
for  plating  the  gauze  with  as  little  delay  as  possible,  and  consists  of  a  plate  which 
can  be  raised  or  lowered  at  will  by  means  of  levers  actuated  by  a  worm  and  spur 
wheel. 
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Dispos  vi.  <-i    Pios  i 

The  method  of  di  |  the  different  kinds  of  refuse  or  eoal  which  may  be 

picked  off  the  belt*  requires  some  notice.  The  mosl  usual  custom  is  to  throw  the 
pickings  on  i<>  benches  or  hoppers  at  either  side  of  the  belts,  from  whence  they  can 
i„. , ■» >i i . -. •  t . •. i   by  means  of  Bhoots  into  waj  oaded  on  '•<  the  belts  and  into 

ins  as  opportunity  offers.  The  questiou  is,  of  course,  Largely  dependent  on  the 
amount  and  number  of  classes  of  coal  <>r  refuse  which  are  separated,  and  on  the 
genera]  arrangements  and  Facilities  which  prevail  at  each  individual  colliery. 

The  addition  of  a  stone  partition  in  the  middle  of  the  belt  (A,  Fig.  9,  Plate  I.) 
has  been  Largely  adopted  recently,  and  is  perhaps  best  suited  to  places  where  only 
a  single  class  is  picked,  such  as  stones  or  other  small  refuse,  and  where  thedelivery 
oan  be  effected  without  any  interference  with  the  Loading  shoots.  The  adoption  of 
this  method,  of  course,  necessitates  an  increase  in  the  width,  and  consequently  in  the 
weight  •and  cost  of  the  belt,  bul  on  the  other  hand  the  Bpace  occupied  by  and  the 
cost  of  erecting  beaches  is  reduced.  Where  considerable  quantities  are  picked  off 
and  separated  into  different  classes  it  has  been  suggested  that  a  collecting  belt  placed 
at  a  Lower  level  and  led  from  a  series  of  boppers,  into  which  the  different  classes  of 
coal  and  refuse  can  be  thrown,  might  be  employed  as  an  economical  substitute  for 
i  he  ordinary  bench  deposit,  and  could  be  arranged  to  load  each  "lass  at  intervals 
direct  into  wagons  at  either  end. 

Laying  out  Tubs. 

The  difficulties  which  were  atone  time  anticipated  with  regard  to  the  laid  out 
tubs  under  this  system  have  been  found  in  practice  to  be  very  slight.  The  custom 
usually  is  to  station  a  man  at  the  foot  or  side  of  the  screen  who  can  readily  detect 
an  undue  quantity  of  refuse  in  the  eoal  from  any  tub.  and  on  suspecting  one  he 
places  a  mark  or  token  at  each  end  of  the  space  occupied  by  its  contents  on  the  belt. 
Boxes  ate  then  placed  on  the  belt  and  the  refuse  collected  for  weighing.  Any  ordinary 
amount  of  laid  out  tubs  can  easily  be  dealt  with  in  this  way,  eases  having  occurred 
whereas  many  as  150  tubs  have  been  so  treated  in  a  day  often  hours  on  a  single 
belt. 

Pesigx. 

The  particular  design  of  a  plant  most  suitable  for  a  given  purpose  is  dependent 
to  a  great  extent  on  the  local  circumstances  and  conditions  which  are  peculiar  to 
each  individual  colliery,  and  in  the  ease  of  substitution  for  obsolete  methods  is 
largely  governed  by  the  buildings  which  are  already  erected  and  which  may  in  most 
cases  be  utilised.  It  is.  perhaps,  preferable  to  arrange  screens  and  main  belts  in  one 
line  if  practicable  where  double  .screening  is  used  without  re-elevation,  as  this  allows 
the  different  classes  of  small  to  be  more  easily  loaded  on  to  separate  roads  by  means 
of  cross  belts  of  different  lengths.  For  single  screening  the  arrangement  of  placing 
the  belts  at  right  angles  to  the  screens  is  most  suitable,  and  can  generally  be  most 
easily  adapted  to  buildings  previously  occupied  by  a  range  of  fixed  screens.  It  is  in 
this  case  perhaps  better  where  duplicate  belts  are  being  erected  to  run  them  in 
different  directions  in  line  with  one  another,  and  loading  from  their  respective  ends 
by  curved  shoots.  This  prevents  one  screen  having  to  be  made  unusually  long  as 
occurs  where  the  belts  are  placed  side  by  side. 

It  appears  desirable  in  order  to  illustrate  more  clearly  the  various  arrangements 
which  may  be  used  and  are  more  adapted  to  the  requirements  of  different  classes 
of  coal,  to  give  a  description  of  several  existing  designs,  and  for  that  purpose  the 
following  examples  may  be  taken. 
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Mill  Pit,  Blyth.  (Figs.  13.  14.  and  15,  Plate  IV.) — This  apparatus  is  designed 
for  the  treatment  of  an  average  quantity  of  1,000  tons  in  ten  hours,  with  a  maximum 
of  1,200  tons. 

The  coal  after  being  tipped  from  a  12  cwt.  tub  on  to  either  of  the  two  screens 
furnished  at  the  top  with  a  curved  spreading  plate,  and  each  carrying  \  inch  locket- 
work  gauzes  10  feet  long  by  5  feet  wide,  is  separated  into  best  and  small,  a  certain 
proportion  of  the  latter  being  sub-divided  into  nuts  and  duff,  and  provision  being 
made  for  cleaning  the  round  coal  and  nuts,  and  for  keeping  separate  the  entire 
produce  of  either  of  the  two  screens  and  belts. 

The  screens  lie  at  an  angle  of  15  degs.,  and  are  run  at  100  vibrations  per  minute. 
They  are  driven  direct  from  an  independent  single  horizontal  engine,  10  inches  by 
16  inches,  placed  immediately  behind  by  means  of  variable  eccentrics  having  a 
throw  of  from  5  inches  to  6|  inches.  The  round  coal  is  delivered  by  shoots  on  to 
the  main  picking  belts,  and  the  small  is  collected  by  means  of  vibrating  dumb 
trays  attached  underneath  the  gauzes  with  trap-  for  the  disposal  of  the  small  in 
the  following  ways: — The  two  higher  traps  (E.  F.  Fig.  15,  Plate  IV.)  when  open 
allow  the  small  to  drop  into  a  hopper  (H)  placed  underneath,  whence  it  can  be 
loaded  on  to  the  best  coal  roads.  The  third  (G)  deposits  the  small  on  to  the  cross 
belt  (A,  Fig.  14,  Plate  IV.)  for  elevation  to  the  nut  riddles,  or  for  loading  by  means 
of  a  separate  shoot  (B,  Fig.  14.  Plate  IV.)  on  to  a  separate  way.  By  closing  this 
trap  the  small  passes  down  a  shoot  (D,  Fig.  15,  Plate  IV.)  underneath  the  best 
coal  spout,  and  is  remixed  on  the  belt  to  form  unscreened. 

The  belts  are  two  in  number,  each  70  feet  centres  by  4  feet  wide,  and  are  placed 
in  line  with  the  screens.  They  are  driven  from  the  back  tumblers  by  shafting  and 
spur  gearing  from  the  main  engines  (12  inches  by  24  inches)  (A,  Fig.  13,  Plate  IV.) 
which  are  placed  near  the  screen  engine,  both  being  separated  from  the  screening 
and  picking  shed  by  a  partition.  The  belt  speed  is  45  feet  per  minute  with  the 
engine  running  96  strokes.  Both  belts  are  fitted  with  clutches  at  the  back  end. 
The  loading  spouts  deliver  on  to  two  parallel  rods  and  are  fitted  with  telescopic 
shoots,  5  feet  6  inches  by  4  feet  wide,  which  are  counter-balanced.  (C,  Fig.  15, 
Plate  IV.) 

The  weigh  tables  are  placed  immediately  beneath  the  shoots,  and  are  occupied 
by  the  wagons  during  filling  in  order  that  the  extra  labour  employed  at  an  adjusting 
bench,  which  would  be  otherwise  required  in  loading  to  a  standard  weight,  may  be 
avoided,  and  also  to  enable  the  tare  to  be  taken  if  desired.  The  steelyards  are 
placed  on  the  platform  level. 

The  percentage  of  round  coal  is  about  7.".  out  of  which  about  2.}  per  cent,  is 
picked  in  the  form  of  stone>  and  brasses,  in  addition  to  2  per  cent,  of  second  class 
coal. 

The  cross  elevating  belt  is  3  feet  6  inches  wide  by  45  feet  centres,  rising  at  an 
angle  of  23  degs.,  and  having  2\  inch  angle  irons  attached  to  the  plate  at  intervals 
of  7  feet,  the  whole  being  carried  on  a  lattice  framing.  It  is  driven  from  the  top 
end  by  a  horizontal  shaft  connected  to  the  main  engine,  and  runs  at  a  belt  speed 
of  45  feet  per  minute.  The  elevator  delivers  either  into  the  small  coal  shoot  or 
by  means  of  a  breeches  spout  (C,  Fig.  14,  Plate  IV.)  into  the  two  revolving  nut 
screens,  4  feet  diameter,  fitted  with  a  square  mesh  gauze,  9  feet  long.  They  he  at 
an  angle  of  18  degs.,  and  are  driven  by  bevel  gearing  on  a  counter  shaft  worked  by 
a  belt  from  the  horizontal  shaft  above-mentioned.  The  duff  is  delivered  into  a 
hopper  common  to  both,  and  the  nuts,  from  which  about  2J  per  cent,  of  refuse  is 
picked,  on  to  a  belt  35  feet  long,  and  similar  to  the  main  belts  in  all  other  respects. 

St.  Hilda  Colliery.  (Figs.  17  and  18,  Plate  V.)— This  plant  is  intended  for  the 
division  of  the  coal  treated  into  a  considerable  number  of  classes  suitable  for  house- 
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hold,  gas,  and   manufactui  *1  Instance  of  tl  with 

which  the  frequent  eh  combination!!  required  under  those  conditions  may 

be  effected  with  economy  both  of  time  and  labour. 

The  co  ich  h  natun  ■  i 

.  ie  another,  and  cai  i  led  on  the  same 
Locking  arms, 

h   in  first  tipped  (by  mean*  of  revolving  kick-ups  driven  from  screen 
into  hoppers  (a,   Fig.   17.   Plate  V.)  fitted  with  regulating  feed  traps,  and  thence 
passes  on  to  the  main  izes.     Bach  of  these  is  19  feel  by  I  feet,  with  1 ',  Inch 

square  mesh  lyir  md  deUverin  •  ind  coal  direct  on  to 

a  picking  belt.    The  two  belts  are  each  Is  feet  Long  and  I  feet  I"  inches  wide, 
including  a  to  inch  middle  division  for  stones,  and  are  speeded  to  run  al  about  55  feet 
a  minute. 

through  the  top  gauze  falls  on  to  the  nul  screen,  9  feet  by  I  feel 
and  |  inch  square  mesh,  the  nuts  being  delivered  on  to  a  small  cross  belt  i/>.  Fig.  18, 
Plate  V.)— 12  inches  wide,  and  running  90  feet  a  minute     which  conveys  them  to  a 
!  Eeel  (/•.  Fig.   18,  Plate   ST.)  picking  belt   parallel  to  the   main   belts,  and  bavin) 
trailing  tumbler  depressed  so  as  to  permit  delivery  from  the  cross  carrying  belt- 

The  third  gauze  converts  the  remaining  coal  into  peas,  w  hich  are  Loaded  by  a  Bmall 
jigging  tray  into  wagons,  and  duff,  which  Ealls  into  a  hoppei  placed  immediately 
beneath. 

For  the  manufacture  of  unscreened  a  Lowering  plate  similar  to  thai  noticed  above 
(Fig.  12,  Plate  VI.)  i-  provided,  and  by  means  of  a  well-arranged  Beries  of  traps  the 
nuts  and  peas  can  be  remixed  and  loaded  as  one  class  ol  small  (best  household)  the 
peas  and  duff  as  anothei  (factory),  or,  if  desired,  the  three  descriptions  can  l>e 
recombined. 

Both  belts  and  screens  arc  driven  by  an  engine  having  a  pair  of  12  inch  by  it;  inch 
cylinders.  The  screens  are  worked  by  connecting  rods  from  slotted  adjusting  discs 
(d.  Fig.  17.  Plate  V.)  fitted  to  counter  shafts  and  driven  by  18  inch  Bpur  gearing 
at  equal  -peed-  with  the  main  screen  shaft,  each  screen  being  supplied  with  friction 

ches.  Tin-  screen  speed  is  100  strokes  per  minute. and  the  produce,  with  a  f>  inch 
throw,  is  : — Best  coal,  'Mf,  per  cent.;  nuts,  28$  per  cent.;  peas, 25J  per  cent.:  and  duff, 
8|  per  cent. 

The  picking  belts  are  all  driven  from  the  leading  end,  and  are  clutched  there,  the 
power  being  transmitted  by  shafting  and  bevel  gear.  The  loading  shoots  are  con- 
structed witli  hinged  reversing  plates  at  the  top  (e,  Fig.  17.  Plate  V.)  and  double 
-pouts,  so  as  to  allow  the  coal  to  be  loaded  on  to  either  of  two  parallel  roads  at    will. 

The  coal  is  drawn  and  tipped  at  two  levels,  one  screen  and  belt  being  reserved 
for  each  level  :  the  gross  quantity  which  the  apparatus  is  capable  of  treating  being 
750  tons  to  each  level,  or  1,500  tons  in  all,  in  10  hours,  the  amount  of  refuse  picked 
out  being  about  2  per  cent,  of  the  gross  quantity. 

Beamish  Colliery.  (Figs.  19  and  20,  Plate  VII.) — The  difference  in  the  general 
design  of  this  apparatus  from  that  of  those  already  described  is  due  to  the  fact  that 
it  is  intended  for  the  cleaning  of  a  coal  containing  a  considerable  proportion  of  small 
refuse,  which  it  is  equally  important  to  eliminate  from  all  the  classes  into  which  it 
may  subsequently  be  divided. 

To  ensure  this  object  the  cleaning  is  done  on  four  short  belts  (a,  Fig.  lit,  Plate 
VII.)  prior  to  screening,  the  produce  of  the  picking  belts  being  conveyed  by  means 
of  a  cross  carrying  belt   (b.   Fig  19,  Plate  VII.)   to  the  BCreens  for  further  treatment. 

After  being  deposited  in  hoppers  (".  Fig.  20,  Plate  VII.)  the  coal  is  fed  on  to  each 
belt  by  a  trap,  with  a  small  roller  at  the  outfall  (b,  Fig.  20,  Plate  VII.)  to  ensure  a 
reffular  and  even  distribution.       Each   belt  is  35   feet  in   length  ami  4  feet  10  inches 
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wide,  including  a  10  inch  stone  division,  and  travels  at  a  speed  of  about  50  feet 
per  minute.  Tliey  are  driven  from  the  leading  ends  and  are  fitted  with  friction 
clutches,  so  that  any  belt  may  be  thrown  out  of  gear  without  auy  stoppage  of  work 
on  the  others.  The  stones  are  discharged  into  hoppers,  from  which  they  can  be 
dropped  into  wagons  for  removal.  The  delivery  of  the  coals  is  on  to  a  cross  belt  35 
feet  long  by  5  feet  wide,  which  conveys  the  coal  to  a  screen  (c,  Fig.  20,  Plate  VII.) 
placed  at  one  end  and  parallel  to  the  picking  belts.  The  main  screen  is  fitted  with 
cast  iron  plates,  having  diagonal  openings  varying  in  size  according  to  the  class  of 
coal  to  be  made,  and  an  underneath  tray  for  the  collection  and  delivery  of  the  small 
— directly,  if  required — on  to  a  nut  screen  (rf,  Fig.  20,  Plate  VII.)  placed  immediately 
below,  with  a  hopper  for  delivery  of  duff.  The  speed  of  both  screens  is  about  70 
vibrations  per  minute,  with  a  7  inch  throw  and  an  angle  of  16  degs. 

The  whole  of  the  machinery  is  driven  by  shafting  from  a  12  inch  by  24  inch 
engine  placed  at  one  end.  and  is  arranged  with  a  view  to  being  subsequently  dupli- 
cated for  separate  treatment  of  the  produce  of  two  shafts,  so  that  the  number  of 
picking  belts  employed  for  each  pit  may  be  easily  varied  with  the  fluctuations  of  the 
outputs  by  altering  the  respective  lengths  of  the  cross  carrying  belts. 

That  part  of  the  plant  of  which  a  sketch  is  given  is  capable  of  treating  a  gross 
output  of  900  tons  in  10  hours. 

With  the  elimination  of  the  cross  belts  and  screens  the  design  is  similar  to  that 
most  frequently  adopted  at  collieries  treating  entirely  unscreened  coal. 

Some  mention  of  the  system  of  picking  and  loading  large  coal  into  trucks  by 
hand,  which  is  common  in  the  Midlands,  may  perhaps  be  of  interest. 

Under  this  system  the  most  improved  method  seems  to  consist  in  cleaning  and 
picking  the  coal  on  a  belt  placed  at  .such  a  level  that  the  large  coal  can  be  easily 
loaded  by  hand  into  trucks  standing  on  roads  placed  on  either  side  of  and  parallel  to 
the  belt. 

The  coal  is  tipped  direct  on  to  the  belt,  which  may  be  100  to  200  feet  in  length 
according  to  circumstances,  and  after  cleaning  and  hand-picking,  the  residue  is 
raised  by  a  belt  elevator  (Fig.  22,  Plate  VIII.)  to  a  level  sufficient  to  allow  of  its 
separation  by  screening  into  (usually)  three  sizes,  viz.:— cobbles,  nut.  and  slack. 

The  screen  (<w  Figs.  21  and  22.  Plate  VIII.)  is  placed  at  right  angles  to  the 
belt,  having  gauzes  of  different  mesh,  and  delivering  the  different  classes  made  on  to 
separate  ways. 

The  size  of  screen  and  length  of  gauzes  is,  of  course,  proportioned  to  the  quantity 
of  coal  which  remains  after  picking  has  taken  place.  It  is  it)  this  case  shown  as  a 
double  balanced  screen  capable  of  treating  about  1,000  tons  in  eight  hours. 

i   (>ST. 

The  cost  of  treating  coal  on  the  above  described  principle  compare-  as  a  rule  very 
favourably  with  that  under  systems  hitherto  generally  adopted.  The  saving  under 
ordinary  circumstances  may  be  estimated  at  a  |d.  to  Jd.  per  ton  on  the  gross  output. 
This  is  due  mainly  to  the  reduction  of  manual  labour  to  that  required  merely  for  the 
picking  and  chipping,  which  renders  possible  the  employment  of  boys  for  a  large 
proportion  of  the  work.  At  many  collieries  in  the  North  of  England  where  screeners 
are  supplied  with  houses  and  tire-coal,  the  lower  rate  of  wages  paid  is  still  further 
accentuated. 

It  must  not.  however,  be  supposed  that  the  mere  saving  of  labour  is  the  only 
advantage  to  be  obtained,  as  the  greater  ease  and  certainty  with  which  the  separat- 
ing and  sorting  can  be  performed  and  the  superior  class  of  coal  which  results  are 
benefits  of  much  more  serious  importance. 

The  following  table  has  been  prepared  from  data  obtained  from  various  collieries 
where  the  system  is  in  operation,  and  D  ps,  be  of  Some  interest  : — 
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The  actual  cost  has  in  each  case  been  reckoned  only  on  such  labour  as  is 
employed  for  screening,  cleaning,  and  loading,  and  is  taken  on  the  wages  ruling  in 
October,  1889. 

Banking  out. 

Amongst  other  advantages  which  the  introduction  of  this  system  of  mechanical 
screening  offers,  mention  has  already  been  made  of  the  economy  effected  by  the  con- 
centration of  and  consequently  lessened  amount  of  labour  necessary  for  banking  out. 

Where  the  long  range  of  fixed  screens  gives  place  to  one  or  two  of  the  newer 
type,  it  will  readily  be  seen  that  the  lessened  distances  the  tubs  have  to  travel  opens 
the  way  to  an  appreciable  reduction  in  the  number  of  hands  employed  as  banksmen. 

Where  it  is  possible  a  system  of  banking  out  by  gravitation  is,  of  course,  the 
best  that  can  be  devised,  and  reduces  the  class  and  quantity  of  manual  labour 
employed  to  a  minimum. 

The  simplest  arrangement  for  this  purpose  is  that  in  which  the  tubs  are  con* 
ducted  round  a  more  or  less  circular  course.  The  full  tubs  gravitate  from  the 
cage  to  the  tip,  preferably  of  a  side-teaming  type,  and  arranged  so  that  the  tub 
passes  out  at  the  opposite  end  to  that  at  which  it  enters.  The  body  rests  upon 
rollers,  to  one  of  which  motion  is  given  when  required  by  means  of  friction  clutches 
(Fig.  23,  Plate  IX.)  or  wheels,  or  the  motion  (Fig.  24,  Plate  X.)  may  be  regulated 
by  means  of  a  hand  brake  and  stop.  About  three  tubs  per  minute  can  be  teamed 
by  this  means  without  any  further  labour  being  employed  than  that  necessary  for 
stopping  and  starting  the  tippler,  and  the  arrangement  can  also  be  duplicated  so  as 
to  empty  two  tubs  at  one  operation  on  the  same  or  separate  screens. 

The  objectionable  fall  and  breakage  of  coal  which  usually  occurs  with  the  em- 
ployment of  kick-ups  is  reduced  considerably  when  the  tub  is  turned  sideways  and  a 
clean  team  is  always  ensured. 

In  situations,  however,  where  an  end  team  is  indispensable  an  automatic  sliding 
cover,  such  as  that  shown  in  Fig.  25,  Plate  IX.,  is  a  useful  adjunct. 

The  empty  tubs,  after  leaving  the  kick-up,  are  raised  by  mechanical  means  to  a 
level  sufficient  to  allow  them  to  gravitate  into  the  cage.  For  gaining  the  necessary 
elevation  in  such  cases  the  design  known  as  a  "  creeper  "'  or  ••  linger  chain,"  which  is 
described  below,  is  perhaps  the  simplest  and  most  satisfactory,  as  well  as  the  cheapest, 
device  that  has  hitherto  been  introduced. 

Fig.  26,  Plate  VI.,  represents  an  arrangement  on  this  principle  now  in  course  of 
erection  at  Harton  Colliery,  where  the  banking  out  is  performed  on  two  flats,  the 
lower  level  being  shown  in  full  lines  whilst  the  upper  level  is  indicated  in  dotted 
lines.  The  coals  from  the  high  flat  are  tipped  into  a  hopper,  and  screened  at  the 
same  level  as  those  from  the  low  one. 

The  amount  of  power  required  can  almost  always  be  obtained  from  the  screen 
engine,  and  the  methods  of  attachment  and  detachment  of  the  tubs  being  perfectly 
automatic,  no  attention  or  labour  is  required. 

The  form  of  creeper  most  generally  in  use  consists  of  an  ordinary  link  chain  of 
the  double  and  single  link  type,  having  links  with  projections,  of  sufficient  height  to 
catch  the  tub  axles,  placed  at  intervals  varying  with  the  speed  and  amount  of  work 
to  be  done. 

On  a  level  road,  or  fur  slighl  loads,  it  may  be  driven  from  either  end.  and  at  a 
speed  of  not  more  than  about  80  feet  per  minute  :  but  for  heavy  angles  or  loads  it  is 
better  to  drive  from  the  leading  end.  and  to  use  jaws  on  the  driving  tumbler. 

For  haulages  over  comparatively  short  distances,  such  as  sometimes  occur  between 
the  shaft  and  screens,  a  creeper  will  be  found  to  be  both  economical  and  advantageous. 

At  Cowpen  Mill  Pit,  where  the  heapstead  is  about  70  yards  from  the  cages,  the 
haulage  is  performed  by  a  creeper  2Q0  feet  long,  rising  at  a  gradient  of  1  in  7  to  a 
total  height  of  24  feet.    (Fig.  27.  Plate  V.)    The  chains  are  driven  by  an  independent 
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engine  (i(|  Inoh  by  20  inch  cylinder)  placed  at  the  top,  and  are  carried  in  ca>1  iron 
troughs  or  channels,  thai  containing  thefnU  « -liati  1 1  being  fitted  with  roll 
returning  portion*  of  the  chains  are  carried  in  angle  iron  -  I 

bona  the  gangway.    |  Plate  V.) 

ii,.-.  ired  16  to  L.    The  speed  of  the  chain  17  feel  pei  minute, 

and  the  distano  a  tin;  ringers   L2  feet,  the  aumber  of  tubs  (19cwt,  . 

ii  per  tni<)  which  can  be  raised  per  hour  is  240. 


The  Pbbbidbnt  said  it  would  be  well  to  lei  the  members  know  al  the  outsel 
that  the  discussion  on  the  paper  would  be  adjourned,  but  >till  he  would  be  glad  if 
some  gentleman  was  in  a  position  to  commence  the  discussion  to-day.    There 
an  immense  amount  of  most   valuable  information  in  detail  and  in  principL 
before  them,  and  he  would  be  to  hear  the  remarks  of  any  gentleman  on 

the  Bubject,  especially  if  anyone  luul  anything  in  the  shape  of  questions  on  any 
points  on  which  they  desired  information  at  the  next  meeting.  It  was  a  matter 
of  great  importance. 

Mr.  A.  L.  Steavenson  said  perhaps  the  subject  was  not  one  on  which  much 
could  be  said  until  they  had  the  paper  before  them  for  further  consideration,  but 
there  could  be  no  doubt  that  it  was  a  very  useful  paper  to  nave  for  reference,  and 
although  in  their  district  the  first  tiling  to  do  was  to  clean  the  coals  and  the  next 
to  press  them  into  a  disintegrator,  it  was  a  subject  of  very  great  interest  ;  the 
system  described  by  Mr.  Forstet  and  Mr.  Ayton  was  a  very  excellent  one,  and  he 
could  only  suggest    that   on    some  other   day.  when    the  weather  was  warmer,    the 

Institute  should  visit  the  pits  and  see  these  appliances  for  themselves. 

Mr.  J.  U.  Breckox  asked  what  would  be  the  cost  per  ton  to  treat  a  given 
quant  ity  of  coal  by  the  means  described  .' 

Mr.  G.  B.  Forster  pointed  out  that  the  information  was  all  given  in  the  table 
accompanying  the  paper,  a  copy  of  which    was  hung  upon  the  wall  as  a  diagram. 

Mr.  BRECKON  said  he  had  listened  with  pleasure  to  the  reading  of  the  paper, 
and  also  gathered  some  idea  of  the  operation  of  the  system  described  from  the 
sketches  on  the  walls.  There  was  no  doubt  this  was  a  move,  in  the  right  direction, 
of  ras1  importance.  Having  had  something  to  do  with  the  disposal  of  coal  in  the 
market,  it  had  been  bis  experience  that  when  the  coal  was  treated  in  a  careful  manner 
at  the  screens,  and  senl  into  the  market  in  a  good  clean  condition,  it-  disposal  was  a 
comparatively  easy  task,  and  a  price  could  l>e  realised  for  it  Ear  beyond  'hat  realised 
for  coal  not  treated  with  such  care.  The  system  of  screening  by  belts  was  a  valuable 
and  important  invention,  both  as  regards  means  of  cleaning,  ease  with  which  it  could 
be  erected,  and  its  economy,  and  so  he  felt  certain  they  were  moving  in  the  right 
direction  with  regard  to  the  treatment  of  coal,  especially  when  they  had  to  consider 
how  to  get  the  utmost  price  for  it.  For  every  penny  expended  for  cleaning  coal  he 
ventured  to  say  at  least  threepence  or  more  might  be  realised  on  the  [nice  per  ton 
vended — speaking  in  general  terms.  A  system  hail  been  introduced  in  Scot- 
land, at  the  works  of  Messrs.  Murray  ,v  Cunningham,  Motherwell,  which  seemed 
to  him  to  deserve  attention.  The  plant  had  been  erected  by  the  firm  of  Simon 
&  Luhrig.  Mr.  Simon  was  a  gentleman  whose  name  was  connected  with  the 
coke  ovens  introduced  in  Durham,  notably  at  Peases'  West  and  Bearpark.  Mr. 
Luhrig  was  a  German  eugineei  :  his  plant  had  been  extensively  erected  in  Silesia. 
where  50  or  100  could  be  examined:  but  thai  Motherwell  was  near  at  hand,  and 
those  interested  might,  if  they  thought  it  worth  while,  pay  a  visit  to  see  what  «  a.- 
done  there,  lie  might  mention  that  the  firm  of  Simon  .V  Luhrig  had  been  in 
treaty  with  one  linn  in  the  County  of  Durham  to  deal  with  an  output  of  1,800  tons 
per  day,  at  a  cost  of  a  farthing  per  ton.  being  the  entire  cost  of  treating  the  coal. 
The  system  is  worked  by  gravitation  very  largely  and  by  belts,  and  whereas  in  the 
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case  of  the  colliery  he  referred  to  (with  1,800  ton*  per  clay),  the  cost  was  given  by 
the  colliery  as  ,-C3,.j72  a  year;  with  Simon  &  Loihrig's  system,  after  allowing  for 
the  steam-power  and  machinery,  it  was  only  6562,  which  left  a  saving  of  £3,010. 
Another  useful  part  of  their  appliance  was  this,  speaking  of  coal  picked  out,  they 
had  an  ingenious  and  simple  contrivance  by  which  they  took  the  coal — which  might 
have  pyrites  or  shale  attached  to  it — and  by  squeezers  of  sufficient  force  detached 
it  from  the  pyrites  and  shale,  and  in  that  way  at  a  very  slight  cost  a  considerable 
quantity  of  coal  was  obtained,  for  which  a  ready  market  could  be  found  at  a  fair 
good  price  :  and  from  other  advantages  in  connection  with  this  plant,  he  thought 
it  might  be  said  to  be  the  most  perfect  contrivance  yet  known,  and  it  seemed  to 
him  to  recommend  itself  strongly  to  gentlemen  considering  this  subject.  He  could 
not  describe  it  from  any  drawing  or  from  any  accurate  knowledge  ;  he  could  only 
speak  of  its  advantages  in  a  commercial  sense,  and  he  thought  it  well  to  direct  the 
attention  of  this  meeting  to  the  plant  and  the  advantages  it  appeared  to  offer. 
It  might  be  that  in  some  respects  the  designs  put  before  the  meeting  were  better 
adapted  to  the  requirements  of  collieries  here,  but  in  considering  the  subject  he 
thought  the  plan  adopted  at  Motherwell  should  be  taken  into  account. 

Mr.  H.  Ayton,  referring  to  the  diagram  on  the  wall,  explained  that  the  cost  of 
treating  coal  under  the  method  described  in  the  paper  varied  from  -62d.  to  2d.  on  the 
gross  quantity. 

The  President  asked  if  there  was  any  special  leading  charge  into  which  the 
cost  was  divided.'  Of  course,  the  tables  on  the  wall  could  be  examined  in  detail  by 
any  gentleman  after  the  meeting  ;    but  what  were  the  leading  feature-  .' 

Mr.  AYTON  read  several  of  the  particulars  given  on  the  table  of  costs. 

The  President— Then  sufficient  details  are  given,  so  that  comparisons  can  be 
made  with  other  systems. 

Mr.  Ayton — Yes.     Rates  of  wages  are  also  given. 

Mr.  Breckon — Does  the  cost  given  include  steam-power  or  use  of  machinery  .' 

Mr.  Ayton — No  ;  just  wages. 

The  President  said  it  was  important  that  questions  should  be  asked  to-day  on 
any  point  which  it  was  desired  should  be  brought  out. 

Mr.  M.  Walton  Brown  thought  the  number  of  enginemen  and  men  on  the 
screens  might  be  shown  separately. 

Mr.  Ayton  said  as  a  rule  only  one  engineman  was  employed,  and  sometimes  he 
was  only  partly  employed.     He  acts  as  screener. 

Mr.  Brown — That  might  be  shown.     There  will  be  differences. 

Mr.  Ayton — The  numbers  of  men  and  boys  employed  are  generally  in  proportion 
to  the  length  of  the  belt,  and  the  lengths  are  given. 

Mr.  W.  J.  Bird  asked  if  the  authors  of  the  paper  knew  of  any  particular  arrange- 
ment of  the  system  applied  to  accumulated  and  reserved  stocks  of  screened  coal,  or 
unscreened  and  separated  coal,  which  might  be  useful  under  circumstances  with 
which  they  were  all  acquainted  .' 

Mr.  Ayton — The  apparatus  at  Hartou,  which  is  not  yet  erected,  has  been  adopted 
for  that  use. 

Mr.  Blackett  asked  if  there  was  any  means  of  turning  the  coal  on  the  belt .' 

Mr.  Ayton  said  that  to  turn  over  so  that  coal  would  not  rest  on  the  belt  in  large 
blocks  a  "  spreading  plate  "  was  adopted  (Fig.  13,  Plate  IV.)  in  the  arrangement  at 
Mill  Pit.     It  had  answered  very  well. 

Mr.  Blackett— But  I  am  speaking  of  turning  it  over  on  the  belt  to  look  for 
stones. 

Mr.  Ayton— Nothing  but  hand-power. 

Mr.  T.  H.  M.  Steatton  said  he  presumed  it  would  be  too  much  to  ask  for  tin; 
first  cost. 


OS      imim:..\  i.i,    COA1 

Mr.  A.YTOM  said  they  had  no)  gone  into  the  question  of 
muoh  .  lg0f  individual  colliei    -      I 

POf  the  maintenance  of  screens,  bul  '  running 

ardly  suffix 
intothequ  md  that  the  lockel  work  compared  very  favourably  with 

a  bars,  taking  quantity  fur  quantity. 
Doi  OLA8  asked  if  there  was  any  difficulty  in  driving  the  bell  from  the  other 
,.11(l.  ol  al    from  the  leading  end,  or  in  I  I  b  heavy 

inclination  .' 

Mr.  avion  aaid  be  remarked  in  the  paper  that  when  this  first  came  out  the  belts 
were  often  driven  from  the  leading  end  ;  they  are  now,  in  the  case  of  heavy  l< 
H"  the  load  was  heavy,  M  had  generally  been  found  besl   to  drive  from  the  leading 
end  :  with  a  Light  load,  and  with  a  light  inclination,  it  was  matterli 

Ml   ,|    i;  Bbeckoh  asked  if  there  was  any  experience  to  show  whether  th 
treated  by  'his  means,  as  compared  with  the  old-fashioned  Bcreens,  found  more  favour 
with  the  buyers?    To  put  il  even  more  strongly,  whether  any  portion  of  the  coal- 
nuts,  small,  peas,  or  screened  coal— had   been  found  to  realise  any  higher  pri 
After  all  it  came  very  much  to  the  question,  how  will  these  operations  tell  upon  the 
balance  sheet  .'     If  there  were  any  such  particulars  they  would  be  interesting. 

Mr.  ATTON  said  he  was  BOrry  they  had  no  data  one  way  or  the  other  on  that  point. 

Mr.  Kenneth  Guthbie  said  be  would  be  glad  to  have  -ome  information  as  to 
revolving  tables.  He  believed  they  were  used  at  many  collieries,  and  were  very  well 
Buited  for  laying  out  tubs  to  get  at  the  dirt. 

Mr.  A.YTON  said,  although  they  had  touched  on  mechanical  screening,  they  had 
not  gone  into  the  question  of  revolving  tables.  They  had  found  it  test  to  confine 
themselves  to  the  methods  in  use  in  the  North  of  England.  Revolving  tables  were 
more  used  in  the  South  and  Midlands. 

Mr.  G.  1'..  FOBSTEB  said,  with  regard  to  one  set  of  sereeiis  described,  he  would  he 
glad  to  adopt  Mr.  A.  L.  Steavenson's  suggestion,  and.  when  the  temperature  was 
rather  better,  to  see  the  members  of  the  Institute  at  Cowpen  Colliery,  if  they  would 
care  to  examine  the  screens  and  anything  else  there.  They  would  also  have  an 
opportunity  of  visiting  the  rising  port  of  Blyth. 

Mr.  M.  Walton  BBOWN  proposed  a  vote  of  thanks  to  the  writers  of  the  paper 
for  the  clear  way  in  which  they  had  put  the  matter  before  the  members. 

Mr.  J.  R.  Breckox  seconded. 

The  PBEBIDENT  said  he  was  sure  they  would  all  join  in  the  vote  of  thanks.  The 
subject  of  the  cleaning  and  manipulation  of  coal  after  they  had  got  them  to  bank 
was.  he  thought,  of  great  and  vital  importance.  Of  course,  Mr.  lireckon  must  not 
expect  them  to  get  any  chemical  change  in  the  condition  of  the  coal  which  he 
thought  he  seemed  rather  to  aim  at,  they  only  got  mechanical  change.  If  he  suc- 
ceeded in  getting  coal  which  he  did  not  get  before,  the  balance  sheet  would  no 
doubt  be  very  much  improved.  He  would  only  remind  them  that  this  would  be 
one  of  the  papers  published  in  the  next  part  of  the  Proceedings  of  the  Federated 
Institute,  but  at  or  before  the  end  of  March  lie  expected  they  would  have  it  in  full 
print  to  disniss  it.  and  he  hoped  the  weather  before  that  time  would  be  sufficiently 
genial  for  their  friend  Mr.  Steavenson  ami  other  members  to  accept  Mr.  Forster's 
invitation. 

The  vote  of  thanks  was  cordially  adopted. 


Dr.  F.  Colet  Larkin  exhibited  and  explained  "  A  new  Mechanical  Device  for 
the  rapid  fixing  of  Surveying  Instruments." 
The  proceedings  then  terminal  4. 
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FIG.    9. 
Shewing  Angle  Iron  Attachment 
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Fig.  7. 
Cast  Steel  Jaw-Link. 
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Single  and  Double  Link  Chain. 


Fig.  10. 
shewing  hook -Bolt  Attachment. 
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Shewing  Rollers  and  Slides  for  Carrying  Belt. 
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Arrangement  for  Disconnecting  Engines. 
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Square  Mesh  Gauze 
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Locket    Work. 
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Fig.  5. 
Sectional  locket  work. 
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Ad j u stable  Excentric. 
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Fig.  14. 
Elevating  Belt  and  Nut  Screens. 
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General  Arrangement  of  Screening   Plant 
Mill  Pit  Cowpen    Colliery. 
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Arrangement    of     Screens    and    Belts. 
Mill  Pit  Cowpen  Colliery. 


■ 


■ 


Ph 


^3 


fit 


r 


■- 


*=h 


i— I 


VolI  P^ateVT. 

To  illustrate "Mess1'-  Forster tfAytons paper  'on Mechanical Coal  Cleaning'. 

f' 


II 


Fig.  26. 

Banking -out     Arrangements 

HARTON    COLLiERY. 
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Arrangement  for   Plating   Screen. 
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Design  of  New  Revolving  Kick-up 
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Design    of  En  p  -tip. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL  MEETING,  Saturday,  February  8th.  1890. 


Mr.  John  Marley,  President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  previous  meeting,  which  were  confirmed. 

The  Secretary  reported  that  since  the  last  general  meeting  two  meetings  of 
the  Council  had  been  held,  and  among  the  business  done  it  had  been  decided  to 
print  Mr.  Hugh  Boyd's  memoir  of  the  late  Mr.  E.  F.  Beyd  in  full,  as  a  separate 
publication,  with  a  photographic  portrait,  to  be  issued  to  the  members  of  the 
Institute.  An  abstract  of  the  memoir,  consisting  of  an  account  of  the  purely  pro- 
fessional career  of  Mr.  Boyd,  would  be  published  in  the  Proceedings  of  the  Federated 
Institution. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  :— 

Member— 
Mr.    Daniel    Henry    Bayldon,   Mining   Engineer,   Thames    Gold-Field,    New 
Zealand  ;  and  3,  Drapers'  Gardens,  London,  E.G. 

Associates- 
Mi-.  Sidney  Bates,  Surveyor,  etc.,  The  Grange,  Prudhoe-on-Tyne. 
Mr.  John  Bell,  Under  Manager,  Wardley  Colliery,  Newcastle-On-Tyne. 
Mr.  Thomas  Hepburn,  Under  Manager.  South  Street.  Langley   Park.  Durham, 
Mr.  Robert  Richardson,  Under  Manager,  Throckley  Colliery. 
Mr.  George  D.  Ridley.  Colliery  Surveyor,  Tudhoe  CoUiery,  Spennymoor. 
Mr.  Andrew  Watson,  Colliery  Engineer.  New  Seaham  CoUiery,  Sunderland. 

The  following  gentlemen  were  nominated  for  election  :— 

Member — 
Mr.  Hiram  Craven,  Jun.,  Mechanical  Engineer,  Sunderland. 

Associate — 

Mr.   Edgar   Ormerod    Bolton,   Mining  Engineer,   Exors.  of  Col.  1  largreayes, 
Burnley. 


In  the  absence  of  the  author,  the  SECRETARY  read  the  following  paper  by  Mr. 
D.  H.  Bayldon,  on  "The  Hauraki  Gold  Mining  District  (Northern  Section),  Auck- 
land, New  Zealand." 


ill  K   BAUBAK1    OOLD   MINING    DI8TBICT,    m.u    ZEALAND 


1'ilK  IIAI'KAKI   GOLD  BONING    DISTKIi   I    (NORTHERN   SECTION), 

AUCKLAND,  .\K\\    ZEALAND. 

Bi  i».  ii.  Bayldon,  \i.i...  Thames,  Nkw  Zealand. 

I'hc  Bauraki  mining  district,  in  the   Province  of  Auckland,  New  Zealand,  liea 
between  latitudes 86° 25'  and  87°  W  S.  and  Longitudes  176° 2C and  17«°(K  K..  La  i 
loo  miles  long  by  an  average  of  l'">  mile-  wide,  the  greater  portion  being  known  as 
the  Coromandel  Peninsula. 

It  is  bounded  easterly  by  the  Pacific  Ocean  and  westerly  by  the  Firth  of  Thames 
and  the  beautiful  fertile  valley  of  thai  nam.-,  the  extreme  northern  limn  being 
Cajic  Colville,  and  extends  southward  beyond  Te  Aroha  mountain,  :U7:5  feel  bigh. 

The  country  for  the  mosl  pari  is  nigged  and  mountainous,  covered  with  dense 
forest  of  evergreen  trees,  intersected  by  innumerable  streams  of  various  sizes,  which 
afford  al  all  times  of  die  year  a  magnificent  supply  of  pure  water  for  mining, 
i  imber  floatage,  and  domest  ii 

The  timber  on  the  ranges  is  of  vast  extent.  Bere  is  found  the  celebrated  Kauri 
pine,  from  70  to  150  feet  high,  some  of  the  boles  of  which  have  been  known  to 
exceed  20  feet  in  diameter.  Other  valuable  timbers  exist,  suitable  for  building, 
cabinet,  fencing,  mining,  and  domestic  purposes.  The  Kami  gum,  a  hard  substance 
somewhat  like  ami.fr  in  appearance,  and  which  is  exuded  from  the  pine  "1'  that 
name,  is  found  in  the  existing  and  extinct  forests  in  greal  profusion,  and  is  a  source 
of  wealth  t.i  the  country;  it  is  exported  to  England  and  America,  where  ii  is  highly 
esteemed  and  manufactured  into  the  finest  carriage  varnish. 

The  valleys  are  salubrious  and  fertile,  composed  of  deep  alluvium,  and  are,  to 
-"He-  extent,  cultivated  Wythe  Maoris,  miners,  and  settlers.  The  crops  are  such  as 
are  grown  in  England.  All  English  fruit-  are  abundant  and  good.  Stock  of  all 
descriptions  thrive  ami  do  well. 

The  situation  "f  the  Hauraki  mining  district  i<  somewhat  unique  as  a  gold-field, 
the  facilities  offered  for  the  export  or  import  of  material  being  all  that  can  be 
desired,  sea  carriage  being  afforded  almost  up  to  the  pit  mouths  in  the  instances  of 
Thames  and  Coromandel.  The  noble  and  picturesque  harbour  of  Auckland  i^  within 
40  miles  of  the  former  and  30  miles  of  the  latter  town,  where  ships  of  any  draught 
may  lie  and  discharge  at  the  wharves  with  the  greatest  safety. 

Local  steamers,  carrying  passengers  and  freight,  run  at  regular  and  frequent 
intervals  between  Auckland,  Thames,  Coromandel,  and  Mercury  Bay.  from  whence 
they  distribute  their  freight  to  other  points  by  dray-,  coach,  or  river. 

The  Thames  or  Waihou  river  drains  the  south-western  section  of  the  district:  it 
is  navigable  for  small  steamers  and  craft  for  some  60  miles  of  its  course.  Inside  the 
river,  for  several  miles,  exists  a  natural  harbour,  suitable  for  vessels  up  to  600  tons 
register.  The  hmd  is  rich  and  fertile,  forming  a  broad  valley  1 5  to  20  miles  wide, 
perfectly  flat,  intersected  by  other  streams.  The  ground  is  somewhat  swampy, 
which  is  natural  from  its  conformation,  but  for  the  most  part  easily  drainable. 
Bere  the  Phormium  tenax,  or  native  flax,  covers  large  areas  and  fringe-  the  river 
hanks:  the  white  pine,  a  very  useful  timber,  is  also  abundant.  .Much  of  this  land, 
especially  in  the  upper  part  of  the  valley,  is  reclaimed,  and  nourishing  farms  are  to 
he  seen  as  far  a-  the  eye  can  reach. 

I'm  lands  on  the  eastern  hank  of  the  river  are  now  nearly  all  occupied  by  a 
hardy,  industrious  class  of  farmers,  many  of  whom  are  now  and  have  in  days  gone 
by  been  engaged  in  mining  pursuits. 
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Such  is  a  brief  outline  of  the  Hauraki  mining  district,  and  it  will  be  seen  that 
mining  and  agriculture  can  go  hand  in  hand.  Twenty  years  ago  it  was  a  howling 
wilderness," now  there  are  many  small  towns  and  villages,  the  country  dotted  over 
with  farms,  the  miners  penetrating  the  hills  in  search  of  the  precious  and  other 
metals,  and  the  country  made  accessible  by  roads  and  bridges.  The  future  of  such 
a  country  is  not  hard  to  predict. 

The  principal  centres  of  mining  in  the  district  are  Coromandel,  Hastings,  Thames, 
Hikutaia,  Ohinemari  (comprising  Karangahake,  Owharoa,  Waibi,  and  Waitekauri), 
Te  Aroha,  including  Waiorongomai. 

Gold  was  first  discovered  at  f'oromandel  in  the  year  1851,  and  attracted  a  con- 
siderable number  of  miners,  but  through  native  troubles,  and  superior  attractions 
elsewhere,  the  diggings  became  comparatively  deserted  till  1861,  from  which  time 
mining  has  been  carried  on,  with  more  or  less  success,  to  the  present  day.  Con- 
siderable tact  required  to  be  displayed  in  dealing  with  the  natives  to  induce  them 
to  open  their  lands  to  the  miners  for  prospecting  and  mining.  All  these  difficulties 
have  for  many  years  been  overcome  ;  cordiality  and  mutual  good  understanding 
now  prevails  on  both  sides. 

Coromandel  is  situated  on  a  beautiful  little  harbour,  and  mining  for  gold  is 
carried  on  from  the  sea  beach  across  the  main  range  toward  the  east  coast.  Coal 
and  other  minerals  are  found  throughout  the  district,  but  are  undeveloped. 

The  principal  gold  mines  are  the  Kapanga  and  Coromandel  (English  companies), 
Tokatea,  West  Tokatea,  Royal  Oak,  Pride  of  Tokatea.  Success.  Onslow,  and  many 
others. 

Throughout  this  district  the  outcrop  of  a  main  or  mother  reef  can  be  traced  for 
many  miles,  averaging  25  to  30  feet  thick,  with  a  northerly  strike  and  westerly 
underlie  of  aboul  45  degrees.  I'  has  nol  been  found  payable,  but  the  lateral  veins, 
which  have  an  east  and  west  strike  and  northerly  dip.-  of  varying  angle-,  are  found 
to  yield  good  paying  ore,  which,  as  a  rule,  lies  in  "chutes"  or  chimneys  of  varying 
width-  and  depth.-.  These  lateral  vein-  vary  from  a  few  inches  to  several  feel  in 
thickness.  The  Tokatea  Mine,  in  which  this  system  of  reefs  is  well  illustrated,  is 
situated  on  the  main  range,  the  highest  point  being  aboul  1,400  feet  above  sea-level  ; 
it  is  worked  by  adits  down  to  a  depth  of  900  feet,  the  lowest  level  being  about  2,500 
feet  long. 

The  Kapanga  .Mine  is  situated  about  one  mile  westward  of  the  main  reef:  two 
well  defined  reefs  have  been  worked  from  the  surface  to  a  depth  of  550  feet.  It  is 
worked  from  a  main  shaft,  properly  equipped  with  pumping  and  winding  machinery, 
capable  of  going  to  a  much  greater  depth. 

Some  of  the  ore  from  this  mine  was  exceedingly  rich,  and  in  places  highly 
charged  with  metallic  arsenic,  which,  in  the  course  of  amalgamation,  had  the  effect 
of  sickening  the  quicksilver,  which,  consequently,  did  not  do  its  work,  entailing 
considerable  loss  of  the  precious  metal. 

The  Coromandel  Mine  is  situated  on  the  sea  shore,  above  high  water  mark.  The 
company  are  doing  good  work,  opening  up  new  blocks  280  feet  below  sea-level. 

The  pumping  and  winding  machinery  is  situated  on  the  sea  beach,  the  mine 
being  worked  by  two  shafts  about  450  feel  apart.  The  inland  shaft,  being  about  120 
feet  above  sea-level,  and  the  deepest  by  100  feet,  is  connected  by  sweep  rods  to  the 
pumping  engine,  the  water  being  pumped  to  the  180  feet  level,  from  whence  it  runs 
back  to  the  seaward  shaft,  and  i-  then  forked  to  the  surface.  The  drainage  water 
from  the  mine  is  settled  in  a  reservoir  and  used  for  milling  purposes. 

The  country  rock  in  which  the  lode-  are  encased  ;s  of  igneous  origin,  of  a 
tufaceous  nature,  highly  charged  with  undecomposed  pyrites,  below  water-level. 
sometimes  coarse  and  rotten,  in  other  cases  tine  grained  and  hard,  and  has    been 
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termed  "  tufaceous  sandstone,"  and  in  this  class  of  ooun(  ry  rook  only  haw  the  I  • 
been   found   payable.    Alternating  with  the  tufaceoua  sandstone  are  to  be  bund 
.  diorite-porphj  ry,  and  felsites. 

Hastings,  some  20  miles  south  of  Coromandel,  is  a  small  mining  township.    Con- 
iiilc  quantities  of  gold  have  from  time  to  time  been  found  in  thi  lilies 

purs  off  the  main  range,  chiefly  iu  decomposed  Blate  and  landstone. 

No  deep  mining  of  any  consequence  has  been  done  here. 

Thames  is  the  centre  and  mosl  imp  rict. 

1 1  was  opened  Eor  mining  in  the  latter  pari  of  the  year  i-<>;7.  and  has  been  constantly 
worked  aince  thai  date. 

The  population  was  al  one  time  10,000  t<>  11,000,  but  being  chiefly  composed  of 
miners,  otherwi  i  >1  u|  uaen,  attractions  elsewhere  has 

reduced  the  number  to  something  like  4,500  al  the  present  I  ime. 

The  auriferous  portion  of  the  Thames  is  several  miles  wide,  and  the  distance 
back  into  tin-  ranges  uncertain,  as  aol  more  than  about  -ix  miles  In  a  straight  line 
has  been  explored  Eor  gold. 

The  country  rock  is  composed  of  tufaceous  sandstone,  alternating  with  diorite 
or  andesite  dykes.  The  latter  are  extremely  hard  to  penetrate,  and  are  known 
locally  as  "hard  bars."  The  highest  points  in  the  locality  are  chiefly  composed  of 
this  class  of  rock.  The  country  is  broken  and  irregular,  intersected  by  gullies  and 
cracks,  which  afford  excellent  opportunities  Eor  mining  by  mean-  of  adits  or  tunnels. 

The  lodes  have  varying  strike-,  between  10  degrees  and  80  degrees  north-east 
and  usually  underlie  to  the  north-west  at  angles  ranging  from  22  degrees  to  80 
degrees  from  the  horizon.  They  are  variable  in  thickness,  from  a  few  inches  to  20 
feet,  and  all  are  more  or  less  gold-bearing  while  traversing  the  tufaceous  sandstone. 

The  pay  ore,  as  is  usual,  lies  in  "  chutes  "  of  varying  lengths  and  depths,  the 
best  paying  reefs  have  hard  walls,  to  which  the  quartz,  in  a  great  measure,  a  Uteres, 
which  gives  the  impression  thai  when  the  rocks  were  in  a  state  of  fusion  they 
emitted  certain  gases,  which,  with  other  combinations  wheu  the  rocks  cooled, 
caused  the  deposition  of  gold  in  the  veins.  The  deposition  of  gold  is  especially 
noticeable  where  lateral  breaks  occur,  and  which  have  the  appearance  of  water 
channels. 

Where  the  break  does  not  cross  the  lode  the  chute  of  rich  ore  is  of  much  greater 
extent,  and  the  lode  richest  on  that  wall  which  has  been  subject  to  fracture,  and 
the  deposit  of  gold  become-  weaker  the  further  it  recedes  from  that  fracture.  In 
many  instances  where  a  break  crosses  the  lode  the  deposition  of  gold  will  be  al  the 
junction,  and  so  marked  is  this  in  some  instances  that  the  cross  courses  are  followed 
for  the  purpose  of  intersecting  the  junctions,  and  the  lodes  only  worked  al 
particular  points.  The  pay  ore  forms  a  pipe  or  chimney  at  the  junction.  Black 
veins,  rich  in  pyrites,  striking  from  the  country  rock  into  the  lodes  is  a  most  fruitful 
source  of  gold.  Flinty  veins,  barren  in  themselves,  frequently  ran  parallel  with  a 
lode,  and  when  a  contact  takes  place  there  is  almost  a  certainty  of  gold  being 
deposited. 

There  are  also  at  the  Thames  several  main  slides  or  clay  em—  courses,  which 
have  an  influence  on  the  deposition  of  gold.  The  lode-,  are  always  more  productive 
when  in  contact  or  in  the  immediate  vicinity  of  these  slides,  and.  moreover,  the 
lode  is  not  productive  on  both  walls  of  the  slide  but  usually  on  the  hanging  wall 
contact.     (Plate  I.) 

The  veins  are  very  numerous  and  sinuous  in  their  course,  and  frequent  junctions 
occur,  which  complicates  mining  to  a  very  greal  extent.  As  a  rule  the  lode-  main- 
tain their  underlie  well.  It  may  be  as  well  to  mention  that  when'  variations  in 
strike  ami  di] nr,  the  productiveness  of  the  lode  is  influenced, 
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All  these  eccentricities  entail  upon  the  management  constant  care  anrl  watch- 
fulness, as  many  instances  have  been  known  of  mines  abandoned  as  unprofitable 
on  further  development  turning  out  highly  profitable  dividend  paying  concerns. 

The  mines,  for  the  most  part,  are  small,  none  exceeding  100  acres,  some  of  the 
richest  have  not  exceeded  a  few  acres  in  extent. 

The  principal  mines  are  worked  from  shafts  on  the  low  ground  adjacent  to  the 
6ea  beach,  and  the  workings  are,  for  the  most  part,  below  sea-level.  The  deepest 
shaft  is  748  feet,  being  over  720  feet  below  the  sea.  Xo  trouble  is  experienced  from 
eea  water,  the  whole  of  the  drainage  being  coped  with  by  a  main  pump. 

An  assessment  is  made  annually  on  the  various  companies  benefited  by  its 
operations  ;  it  is  by  that  means  maintained  and  managed  by  a  board  elected  from 
the  contributors. 

The  pumping  machinery  consists  of  a  low  pressure  Buhl  engine  of  250  horse- 
power, 82  inch  cylinder.  8  feet  stroke,  with  a  25  inch  column,  and  four  Cornish 
boilers  ;  two  balance  bobs,  one  at  the  surface,  the  other  at  the  300  feet  level,  placed 
over  a  shaft  12  feet  by  8  feet  inside  measurement,  depth  of  shaft  640  feet.  This 
machinery  at  present  does  all  the  pumping  for  the  field  down  to  the  500  feet  level, 
working  about  six  strokes  per  minute. 

Mining  in  the  hills  is  carried  on  by  means  of  adits,  of  which  there  are  a  great 
number,  varying  in  length  from  over  half  a  mile  to  a  few  hundred  feet. 

Roads  and  tramways  are  constructed  up  the  creeks,  by  means  of  which  the  ore 
is  brought  to  the  flat  and  distributed  to  the  various  reducing  plants  for  treatment. 

There  are  about  180  stamps  at  work  in  seven  mills,  a  Newberry- Vautin  chlorina- 
tion  plant,  and  several  other  establishments  for  the  treatment  of  tailings  by  grinding 
processes 

All  these  mills  are  driven  by  water-power.  The  water  has  been  brought  on  to 
the  ground  by  a  water  race,  fifteen  miles  long,  constructed  by  the  Government,  and 
now  administered  and  controlled  by  the  Thames  County  Council,  who  let  the  water 
at  a  moderate  rental  per  cubic  foot  per  week — one  cubic  foot  being  equal  to  about 
12  horse-power,  consequently  crushing  operations  are  conducted  at  a  very  low  cost. 
This  water  is  not  only  useful  for  milling  purposes,  but  is  supplied  to  the  foundries, 
cabinet  factories,  for  household  purposes,  and  small  machinery  generally. 

In  addition  to  the  peculiarities  mentioned  in  connection  with  mining  at  the 
Thames,  it  has  been  proved  beyond  doubt  that  the  gold  not  only  lies  in  chutes,  bul 
that  these  chutes  have  a  southerly  dip,  and  strike  across  the  reefs  at  a  low  angle. 
(Plate  II.) 

Carbonic  acid  gas  is  frequently  found  in  the  mines  below  sea-level;  it  is  not 
noticeable  except  during  easterly  weather,  the  prevailing  winds  being  westerly. 
Several  fatalities  have  occurred  through  its  sudden  influx,  but  greater  caution  is 
now  observed  and  accidents  are  avoided. 

Mining  at  Thames  is  carried  out  in  a  thoroughly  systematic  manner.  The 
machinery  is  of  a  superior  description,  subject  to  biennial  inspection  by  a  Govern- 
ment officer.  The  administration  of  the  gold-field  is  conducted  by  the  warden  or 
magistrate,  who  heai>  and  decides  all  cases  of  dispute  which  may  arise  from  time 
to  time. 

The  southern  portion  of  the  district,  including  Hikutaia.  Ohinemari.  and  Te 
Aroha,  are  most  interesting.  The  lodes  are  different  to  those  at  Thames  and  north- 
ward, and  different  classes  of  machinery  are  being  put  up  tor  treating  the  ores. 
which  are  of  a  much  more  complex  nature. 

A  short  notice  would  not  do  them  justice,  therefore,  as  time  will  not  permit.  I 
have  deemed  it  preferable  to  confine  the  foregoing  paper  to  the  northern  section 
only. 
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The  Pbbsidbkt  said,  the  author  of  the  paper,  who  had  thai  day  be 
member  of  the  Institute,  had,  unfortunately,  been  obliged  to  leave  Eoi  Airioa.  The 
paper  was  postponed  from  the  last  meeting  in  order,  if  possible,  thai  Mr.  Bayldon 
might  be  present,  bul  a- this  was  nol  possible,  il  might  !«•  well  it'  then  were  any 
questions  to  a  k  or  remarks  to  make  on  the  paper  thai  these  should  be  forwarded, 
through  the  Secretary,  to  Mr.  Bayldon,  in  order  thai  thai  gentleman  mighl  reply  in 
time  for  the  adjourned  discussion. 

There  being emarks  offered, 

The  I'ki.si i n:.\  r  moved  thai  a  vote  of  thanks  be  accorded  to  Mr.  Bayldon  for  the 
paper,  which  was  apparently  very  full  of  information  on  the  subject  of  the  gold- 
fields  in  New  Zealand. 


Mr.  C.  Z.  Bunning's  paper  on  the  "  Warora  Coal-field,  India."  was  opened  for 
discussion. 

The  President  said  he  was  glad  to  see  the  author  of  the  paper  present.  Had 
he  any  further  information  to  give  by  way  of  introducing  the  discussion? 

Mr.  BUNKING  Baid  he  had  not  much  to  add.  and  as  the  other  paper  on  the 
agenda  was  of  more  interest  to  the  members,  he  would  prefer  that  this  be  taken 
last. 

Mr.  A.  L.  Stbavbnson  proposed  a  vote  of  thanks  to  Mr.  Banning.  He  said  the 
paper  was  not  one  which  could  be  very  much  discussed,  but  both  this  and  the  paper 
jusl  read  would  be  very  valuable  additions  to  the  Proceeding.--,  and  of  great  assist- 
ance to  anyone  about  to  visii  the  districts  described.  Be  had  read  Mr.  Bunning's 
paper  carefully ;  there  seemed  to  have  been  a  great  deal  of  labour  involved  in  its 
preparation,  and  the  writer  deserved  very  much  credit  for  the  way  in  which  he  had 
stored  his  information. 

The  President  thought  it  might  perhaps  be  as  well,  if  anyone  had  anything 
to  say  on  the  paper,  to  follow  the  order  of  the  agenda. 

Mi.  Thus.  BELL  (H.M.  Inspector)  asked  if  it  was  compulsory  under  Act  of 
Parliament  in  India  to  record  every  accident,  however  trilling.'  If  90,  the  relative 
number  of  accidents  there  appeared  to  be  very  much  lower  than  in  this  country, 
the  ratio  in  England  being  nearly  double,  if  as  lie  understood  from  the  paper, 
every  little  accident  was  reported. 

Mr.   BtTNNINQ  thought  he  hail  remarked  in  his  paper  on   this  head  that  every 
accident    which  incapacitated  a  man  from  work  for  48  hours  had  to  be    reported. 
With  reference  to  Acts  of  Parliament,  coal  mines   were  included  in  the   Facl 
Act  ;   there  was  not  a  separate  Mines  Act. 

Mr.  Thos.  I'.ell — The'  Factories  Act  being  a  Government  Act  .' 

Mr.  BUNNING-  -Yes.  The  only  matter  to  which  he-  would  like  to  draw  the 
attention  of  any  mining  engineer  going  abroad,  and  especially  to  India  or  the 
Brazils,  was  with  regard  to  the  water.  They  should  take  care  to  avoid  illness  from 
parasites  which  the  water  of  the  mines  contained  ;  and  all  water  before  Use  should 
be  properly  filtered,  lie  was  in  India  four  years,  and  his  recent  illness  was  due  to 
ignorance  of  the  dangers  from  the  source  mentioned. 

Professor  LebOUU  asked  if  there  were  any  plant  remains  at  all  in  the  coal- 
seams  at  Warora  .' 

Mr.  BURNING  —  Yes.  the  ordinary  catamite  i-  found  there,  but  very  i  . 

Professor  LEBOUR      1>  that  ali  I 

Mr.  BUNNING— Yes. 
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The  President  said  he  had  very  much  pleasure  in  seconding  Mr.  Steavenson's 
proposal.  Their  most  cordial  thanks  were  due  to  Mr.  Running  for  his  paper.  With 
regard  to  the  warning  as  to  water,  although  of  course  a  very  proper  one.  the  remark 
would  apply  to  all  sorts  of  impure  water,  at  home  or  abroad,  and  mining  water  was 
often  impure. 

The  vote  of  thanks  was  agreed  to  with  acclamation. 


Mr.  Tate's  paper  on  "  Winding,  Banking-out.  and  Screening  Plant  at  Bast 
Hetton  Colliery  "  was  opened  for  discussion. 

The  President  asked  if  the  author  of  the  paper  had  anything  to  add  .'  If  not, 
lie  would  invite  the  other  members  to  discuss  the  subject. 

Mr.  Tate  said  he  had  very  little  to  add.  He  had  ascertained  that  previous  to 
using  t he  belt  they  picked  out  rather  better  than  a  half  per  cent.  ;  now  it  was  about 
\\  or  1£  per  cent,  of  stone. 

The  PRESIDENT — You  have  increased  the  quantity  removed  .' 

Mr.  Tate— Just  about  doubled  it. 

Mr.  Willis— Trebled,  is  it  not  ? 

Mr.  Tate — No,  not  quite.  It  varied  from  a  half  upwards  before:  now  it  is 
1 1  to  If 

The  President  said  the  question  of  screening  and  cleaning  was  a  matter  of 
importance,  deserving,  in  the  coal-fields  of  the  North,  as  well  as  elsewhere,  special 
attention,  so  much  so  that  he  was  adced  the  other  day  to  take  into  consideration 
the  question  of  spending  between  £5.000  and  £10.000  in  this  respect:  and  when 
such  large  sums  as  this  were  involved,  the  matter  became  one  for  serious  consider- 
ation. Another  paper,  by  Mr.  Forster  and  Mr.  Ay  ton,  had  been  read  on  the  same 
subject,  and  he  hoped  both  this  and  Mr.  Tate's  paper  would  elicit  much  discussion. 

Mr.  Bell  thought  the  President  would  naturally  be  anxious  to  have  full 
information  on  the  subject. 

The  President — Yes,  very  full,  before  spending  so  much.  As  he  mentioned  at 
the  last  meeting,  he  had  <een  Mr.  Tate's  arrangement,  and  was  very  much  pleased 
with  it. 

Mr.  J.  G.  Weeks  asked  if  Mr.  Tate  had  just  one  kick-up,  and,  if  so,  what  quan- 
tity per  day  could  be  put  over  it .'     What  was  the  average  daily  quantity  .' 

Mr.  Tate  said  the  apparatus  had  not  been  fairly  tried  at  their  pit  :  the  most 
they  had  put  over  it  was  seventy  scores. 

Mr.  J.  Gr.  Weeks — Over  one  screen  ? 

Mr.  Tate — Yes.  one  screen  ;  one  kick-up  ;  but  they  could  do  over  double  that. 

The  President  asked  what  tonnage  seventy  scores  represented  ? 

Mr.  Tate — Over  a  thousand  tons. 

Mr.  Bell  supposed  it  was  not  fully  occupied. 

Mr.  Tate— Not  half. 

Mr.  Bell  asked  how  the  weighing  was  arranged  .'  He  saw  the  tubs  came  out  in 
front  according  to  the  diagram  on  the  wall,  but  where  was  the  indicator  of  the 
machine  ? 

Mr.  Tate  explained  the  diagram.  The  machine  was  not  finished  vet,  but  it 
was  intended  to  be  hung  on  four  rods  within  the  kick-up  ;  the  tub  could  be  weighed 
full  and  again  empty  when  the  kick-up  brought  it  back  to  its  original  position.  This 
was  the  only  place  where  the  machine  could  be  arranged  so  as  to  weigh  the  tub  full 
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and  empty,     Messn   Pooley  thought  it  would  work  oloely.    Oi  i    not 

always  necessary  t<>  weigh  the  tuh  full  and  empty  ;  they  would  weigh  it  cither  full 
or  empty,  oi  both,  oh  circumstances  required. 

Mr.  Bull  asked  whether  boys  or  meu  were  employed  on  the  belt  .' 

Mr.  Tat k     All 

Mr.  A.  L.  Stbavbnsom  I  think  you  Bhould  ask  us  to  go  and  see  it  and  discuss 
it  there.  , 

Mi.  i  \  1 1:     We  shall  be  glad  i"  Bee  you  at  any  I 

Mi.  Blackett  cited  a  colliery  in  Derbyshire  where  a  thousand  tons  a  day  wen! 
oyer  one  kick-up,  ami  there  the  full  tub  was  pulled  in  ami  the  empty  one  pulled  out. 
Mr.  Tate's  was  an  improvement  on  'hat.  tor  tin-  tub  ran  through  the  kick-up  ami  a 
full  tub  coming  displaced  tin1  empty  one. 

Mr.  Bell-  -Yes,  thai  i-  a  saving  of  time. 

Mr.  Stbattou  -aid  he  did  nol  consider  a  thousand  tons  a  day  a  large  qnantity  to 
deal  with,  but  he  though!  it  was  perhaps  rather  an  extreme  case  to  say  that  the 
quantity  going  over  tin-  one  machine  could  be  doubled.  If  the  apparatus  worked 
full  nine  hours  a  day  that  only  allowed,  on  the  Beventy  Bcores  Mr.  Tat.-  referred  to. 
about  twenty-four  seconds  for  each  tuh;  he  could  hardly  bring  that  down  to  twelve 
seconds,  especially  if  the  tuh  was  twice  weighed. 

Mr.  TATE — The  tuh  ju-t  goes  over  ami  back  again  :  we  ran  tram  it  quicker  than 
we  can  draw  it  out  of  the  ]iit. 

Mr.  Tims.  Bell  thought  the  kick-up  and  travelling  bell  were  quite  capable  of 
taking  twice  their  present  quantity.  • 

Mr.  Blackett  slid  it  might  he  some  guide  to  mention  that  it  was  usual  with 
them  to  change  the  tub  and  draw  the  coals  from  the  bottom  of  the  pit  in  twenty 
si mis. 

Mr.  Bell— What  depth  .' 

Mr.  Blackett — Forty  fathoms. 

Mr.  Bell— What  is  yours,  Mr.  Tate? 

Mr.  Tate— One  hundred. 

Mr.  Blackett — lam  only  speaking  of  changing  and  drawing  oui  of  the  pit — 
twenty  seconds — as  against  the  kick-up. 

Mr.  0.  ('.  LEACH  asked  what  brought  the  tuh  to  rest  in  the  kick-up  .' 

Mr.  Tate  explained  (illustrating  with  a  sketch  on  the  blackboard)  that  the  road 
was  "  dished  "  a  little. 

Mr.  Bell  said  many  cages  were  fitted  in  the  same  way  without  the  sneck.  The 
full  tub  coming  in  knocked  the  empty  one  out. 

Mr.  A.  I..  Steavknson  said  Mr.  Tate  did  not  debit  himself  with  cost  of  steam, 
nor  did  he  give  the  horse-power  required.     This  information  would  be  useful. 

Mr.  stkatton  hoped  the  discussion  on  this  paper  would  not  be  closed  to-day,  but 
that  this  paper,  and  that  by  Messrs.  Forster  and  Ayton,  would  be  discussed  together. 

The  PBESIDENT — But  anything  you  do  to-day  will  assist  the  further  discussion 
of  the  other  paper.  Don't  stop  the  discussion  of  this  paper  for  the  sake  of  the 
other.  They  would  be  sure  to  come  together  afterwards,  and  he  would  suggest  that 
the  present  discussion  be  carried  as  far  as  possible. 

Mr.  STKATTON  said  there  was  one  point,  then,  which  he  might  mention,  which 
was  of  interest  to  those  who  had  belts.  Mow  did  Mr.  Tate  deal  with  stones .'  Did 
he  run  more  than  one  kind  of  coal  at  a  time  .'  Were  the  stones  loaded  into  wagons, 
and  how  .' 

Mr.  Tate  said  there  were  three  kinds  of  coals.  Referring  to  the  diagram  on  the 
wall,  he  explained  that  the  peas  and  duff  went  out  behind  :  the  stones  were  just 
teamed  bv  a  shoot   into  wagons. 
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Mr.  Stratton — By  hand  ? 
Mr.  Tate— Yes. 

Mr.  Stratton  said  he  meant  by  his  question  the  different  kinds  of  good  coal 
separated. 

Mr.  Tate  said  they  made  only  one  kind  of  best.  If  other  separation  were  desired 
they  could  have  a  middle  partition  for  the  best,  and  run  it  into  a  separate  wagon. 

Mr.  Bell  said  it  was  rather  objectionable  to  have  a  separate  box  and  belt.  It 
had  been  tried  at  Rainton,  and  failed.  It  got  mixed  at  the  far  end,  and  got  wrong 
in  other  ways,  and  was  eventually  taken  out. 

Mr.  J.  G.  Weeks  asked  if  Mr.  Tate  anticipated  any  difficulty  in  "  laying  out  " 
when  running  at  suoh  a  speed  ? 

Mr.  Tate  said  1,000  tons  a  day  were  being  put  over  the  screen  at  a  Durham 
colliery.  If  the  manager  had  been  present  he  could  have  told  them  something 
about  it.  They  had  an  ordinary  old-fashioned  kick-up,  and  there  was  no  difficulty 
in  laying  out.  As  soon  as  a  tub  was  teamed  and  ran  down  the  spout,  the  lad  at  the 
handle  saw  if  it  was  dirty,  and  if  so  he  put  a  box  on.  It  stayed  there  till  it  got  to 
the  end,  and  was  laid  out  in  the  usual  way. 

Mr.  Bell  supposed  the  belt  was  running  at  such  a  speed  that  when  a  tub  was 
on  there  was  an  empty  space  on  the  belt,  and  the  box  would  be  put  on  the  space 
represented  by  the  dirty  tub. 

Mr.  Tate — Yes. 

Mr.  J.  G.  Weeks  said  that  was  not  his  experience  ;  it  was  generally  one  con- 
tinuous stream  from  one  end  to  the  other. 

Mr.  Stratton  said  his  attention  had  been  drawn  to  this  very  point  not  long 
ago  by  a  gentleman  who  had  a  large  belt  running  a  thousand  tons  a  day,  and  it  was, 
as  Mr.  Weeks  said,  a  river  of  coal  and  no  space.  It  ran  uninterruptedly  for  the 
half  hour  he  watched  it. 

Mr.  R.  L.  Weeks— But  we  get  an  opportunity  of  cleaning  the  best  and  small, 
whereas  at  the  colliery  named  they  have  treble  nuts  and  double  nuts  and  have  not 
a  chance  to  clean  them. 

Mr.  Bell  thought  perhaps  the  colliery  named  was  a  I  different  case,  because  they 
had  a  very  wide  screen,  something  like  1^  inch  mesh,  and  not  fifty  per  cent,  of  the 
coal  went  on  the  belt,  the  other  went  through  into  the  common  hopper.  They  had 
the  chance  of  sending  a  thousand  tons  over  the  belt  and  cleaning  it. 

Mr.  J.  G.  Weeks — Then,  there  will  be  only  about  500  tons  going  over  the  belt  ? 

Mr.  Bell — That  is  what  I  mean  ;  the  other  is  going  through  into  the  common 
hopper. 

Mr.  Blackett  said-,  over  the  belts  he  had  in  use  they  cleaned  nothing  but 
unscreened,  and  it  was  not  possible,  as  far  as  he  could  see,  to  do  anything  like  a 
thousand  tons  over  a  belt.  There  might  be  a  thousand  tons  over  the  kick-up,  in  the 
ordinary  way,  but  screen  them,  and  they  did  not  get  much  more  than  half  that  to 
clean  on  the  belt.  When  he  put  up  a  belt  at  Kimblesworth — the  first  they  had—  he 
had  no  idea  how  much  unscreened  they  would  get  over  the  belt,  and  the  very  utmost 
they  had  been  able  to  do  at  Kimblesworth  was  500  tons,  and  even  that  could  not  be 
properly  done  ;  still,  they  had  no  difficulty  in  cleaning  the  coals. 

Mr.  R.  L.  Weeks — How  many  screens  had  you  before  you  adopted  the  belt  ? 

Mr.  Blackett — About  eight ;  and  now  we  have  a  belt  we  are  able  to  work  with 
one  belt  and  two  screens. 

Mr.  J.  G.  Weeks — What  is  the  length  of  the  belt  ? 

Mr.  Blackett — 90  feet,  and  4  feet  wide.  We  have  another,  70  feet  and  5  feet 
wide. 

Mr.  J.  G.  Weeks — Do  you  find  the  wide  width  as  easily  worked  as  the  narrow  ? 

F 
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Mr.  Blaokbtt  fes,  They  had  a  novel  way  of  turning  coals  over  on  thai  belt,  by 
fixing  an  ordinary  ploughshare  above  the  belt  in  the  flrsl  instance  to  turn  the  heap 
of  coals  over,  and  other  p  further  along  to  turn  them  hack.    He  was  un- 

certain at  first  as  to  whether  these  ploughshares  would  break  much  coal,  but  there 
was  no  breakage  to  any  appi      i         :tent. 

Mr,  ,i.  i;.  \Vi;i:ks  though!  they  bad  something  of  the  same  kind  at    Hi 
Colliery. 

I ':,.■  1'ki:sident— The  object  desired  to  be  attained  by  cleaning  was  a  very  im- 
portant one  in  many  collieries  in  the  North,  because  it  affected  the  quest  inn  as  to 
whether  the  coke  was  to  be  clean  or  dirty.  Thai  perhaps  caused  it  to  be  a  matter 
of  greater  importance  than  if  it  was  simply  a  question  of  quantity.  Each  gentle- 
man, however,  might  now  prepare  himself  against  the  time  Mr.  Porster's  paper 
came  on,  and  if  it  was  the  opinion  of  the  present  meeting  that  the  discussion  should 
be  adjourned,  to  come  on  at  the  same  time  as  that  on  Mr.  Forster's  paper,  perhaps 
some  one  would  propose  it. 

Mr.  Bell  said  he  thought  when  Mr.  Forster's  paper  was  read,  that  gentleman 
was  kind  enough  to  say  he  would  invite  the  members  to  visit  the  colliery.  He 
would  respectfully  suggest  that  such  visit  should  take  place  before  the  next  discus- 
sion ;  it  would  materially  help  the  discussion,  and  be  of  advantage  to  the  Institute. 

The  Secretary  stated  that  the  paper  would  be  published  in  March. 

The  President  thought  Mr.  Bell's  suggestion  valuable.  He  would  endeavour 
to  have  it  carried  out  if  possible. 

Mr.  Tate  said,  as  far  as  he  was  concerned,  he  would  be  glad  to  see  the  members 
of  the  Institute,  individually  or  collectively,  at  East  Hetton. 

The  President  asked  if  it  was  the  wish  of  the  meeting  that  the  discussion  on 
this  paper  should  be  adjourned  as  suggested  ?  As  Mr.  Tate  had  been  kind  enough  to 
give  them  a  challenge,  and  say  he  would  be  glad  to  see  them,  they  would  now  have 
an  opportunity  of  seeing  the  screens  in  operation. 

Mr.  Willis  thought  it  would  be  a  pity  to  formally  close  the  discussion.  Let  it 
remain  open. 

The  President — Then  it  is  understood  that  the  discussion  stands  adjourned. 

The  Secretary — To  be  taken  with  that  on  Messrs.  Forster  and  Ayton's  paper  ? 

The  President— Yes. 


The  President  said  he  supposed  that  most  of  the  members  knew,  and  it  was 
only  necessary  perhaps  for  him  to  make  a  formal  report,  that  what  might  be  con- 
sidered a  very  successful  meeting  had  been  held  at  Sheffield  on  the  22nd  and  23rd 
of  January  in  connection  with  the  Federation  of  Institutes,  and,  in  order  that  they 
might  know  a  long  time  in  advance,  it  had  been  decided  that  the  next  Federated 
meeting  would  be  held  in  London  on  the  last  day  of  April,  but  of  this  due  notice 
would  be  given. 

This  concluded  the  business,  and  the  meeting  terminated. 
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PROCEEDINGS.  43 


NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL  MEETING, 

Held  at  the  Wood   Memorial   Hall.   Newcastle-upon-Tyne, 
on  Saturday,  April  12th.  1S90. 


Mr.  John  Marley,  President,  in  the  Chair. 


The  President  said  that  the  minutes  of  the  last  meeting  could  not  be  read,  and 
the  proceedings  of  the  Council  could  not  be  reported,  owing  to  the  absence  of  the 
Secretary  (Professor  Lebour)  through  illness. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  : — 

Member- 
Mi-.  Hiram  Craven,  Jun.,  Mechanical  Engineer.  Sunderland. 

Associate— 
Mr.  Edgar  Ormerod  Bolton,  Mining  Engineer,  Executors  of  Colonel  Hargreaves, 
Burnley. 

The  following  gentlemen  were  nominated  for  election  : — 

Members — 
Mr.  C.  H.  Eden,  Mining  Engineer,  Old  Etherley. 
Mr.  Leonard  Francis  Gillett,  Mining  Engineer,  Derby. 
Mr.  W.  H.  F.  Maddison,  Mining  Engineer,  The  Lindens.  Darlington. 

Associate — 
Mr.  John  William  Fryar,  Mining  Student,  Seghill  Colliery.  Seghiil,  Northum- 
berland. 


A  paper  by  Mr.  W.  RAMSAY  on  "  Ramsay's  Patent  Improved  Levelling  Staff  for 
use  in  Mines  "  was  read. 


I  i  SAME  \^  -  i'\  1  BS  i    I  llPBOl  BD  I .i:\  I  LLING 


RAMSAY'S  PATENT  [MPROVED  LEVELLING  BTAFF  FOB  I  BE  tN  KB 

r.v  \v.  i;  \.m>  \  v. 

ma  kinds  of  Levelling  Btarea  are  described  In  treatises,  but  tew  of  them  hare 
been  found  to  be  practically  applicable  to  general  ue  for  mining  purp 

The  old  construction,  the  non-speaking  staff,  has  many  adherent*,  although  the 

[rations  are  r< tied  by  an  assistant  required  to  possess  sufficient  Intelligence  to 

be  trusted  with  the  responsible  duty  of  recording  the  results. 

With  the  Bpeakdng  staff,  if  the  sights  exceed  a  very  limited  distance,  the  obi 
soon  begins  to  experience  difficulty  in  reading  the  figures  through  the  telescope. 

This  difficulty  arises  from  many  causes  :  it  may  be  from  moisture  or  dust  in 
the  air,  indistinctness  in  the  graduated  face  of  the  staff,  and  most  frequently  from  the 
difficulty  of  illuminating  the  face  of  the  staff  with  a  miner's  lamp. 

The  writer,  in  consequence  of  these  difficulties,  has  devised  an  arrangement  which 
he  believes  will  prove  useful  in  practice. 

The  staff  is  formed  after  any  of  the  ordinary  constructions,  except  the  part  a 
(Plate  I.)  carrying  the  scale,  which  is  formed  of  any  transparent  material,  such  as 
white  opal  glass,  with  a  ground  or  enamelled  surface.  The  staff  consists  of  two  pari  -. 
h  and  o,  which  are  packed  together  by  sliding,  and  when  drawn  out  for  use  form  a 
staff  of  convenient  length. 

The  divisions  are  placed  upon  the  transparent  surface  with  any  opaque  colours,  so 
that  when  a  lamp  or  other  source  of  light  is  held  behind  the  staff,  the  reading  can  be 
distinctly  observed  at  considerable  distances  through  the  telescope  by  the  surveyor. 

Comparative  trials  with  the  staves,  side  by  side,  have  shown  thai  asing  the  same 
telescope  the  improved  staff  is  read  with  ease  when  a  speaking  staff  of  the  ordinary 
construction  is  read  with  difficulty,  or  even  cannot  be  read  at  all 

The  improved  staff  is  read  with  facility  where  an  ordinary  staff  could  only  be 
read  by  means  of  an  improvised  vane  placed  in  front  of  it. 

With  the  improved  staff  all  chance  of  error  in  the  reading-  is  eliminated,  except 
on  the  part  of  the  observer  himself.  Further,  there  is  the  advantage  that  the  lamp 
placed  behind  the  staff  illuminates  nearly  the  whole  of  the  scale,  and  the  observer 
can,  in  most  cases,  take  his  reading  without  any  alteration  in  the  position  of  the  light. 

The  advantages  as  regards  accuracy  and  saving  of  time  are  so  great,  by  the  use  of 
the  improved  transparent  levelling  staff  over  those  of  the  old  constructions,  that  the 
writer  believes  that  its  universal  adoption  will  be  ensured. 


The  PRESIDENT  asked  Mr.  W.  Ramsay,  who  was  present,  to  exhibit  the  staff  arid 
explain  its  advantages. 

Mr.  RAMSAY  said  he  found,  from  experience,  that  mistakes  were  frequently  made 
in  the  readings  wit  h  the  old  style  of  staff.  When  working  at  a  distance  the  man  at  the 
staff  was  frequently  told  to  run  his  finger  along  the  staff,  and  the  surveyor  called  to 
him  to  stop  and  read  off  the  figures;  if  there  was  a  mistake  the  responsibility  always 
fell  on  the  man  at  the  staff.  With  the  staff  just  described,  the  figures  could  be 
plainly  read  by  the  surveyor,  when  a  light  was  placed  behind  the  transparent  staff, 
the  figures  being  painted  with  opaque  pigment  on  a  white  background  of  frosted  glass 
or  other  transparent  material.  The  operator  is  able  to  make  his  own  readings,  under 
all  circumstances,  when  used  underground,  or  on  dark  nights. 
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To  illustrate,  M~  W.  Hams  ays  paver  orv  "Ramscufs  Talent  Improved 
Levelling  Staff  for  Use  inclines .' 
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DISCUSSION — RAMSAY'S    PATENT    IMPROVED    LEVELLING    STAFF.  Art 

Mr.  W.  Lishman  (Witton)  said  that  such' a  staff  must  prove  very  useful,  and 
especially  for  underground  work,  where  its  use  appeared  to  enhance  the  accuracy  of 
the  results. 

Mr.  W.  Ramsay  then  explained  the  sliding  arrangement,  by  which  the  staff  could 
be  used  in  seams  varying  from  3  to  nearly  6  feet  in  height.  The  staff  has  been  in 
use  for  nearly  a  year,  and|  he  found  that  the  work  could  be  done  with  it  in  about 
one-third  of  the  time  required  with  the  old  staff. 

Mr.  T.  W.  BENSON  said  the  usefulness  of  the  staff  was  not  to  be  judged  by  the 
length  of  the  paper ;  it  would  be  extremely  useful.  He  knew,  from  recollections  of  the 
time  when  he  had  to  take  levellings  himself ,  that  there  was  nothing  more  tedious  than 
making  a  levelling  down  the  pit,  and  from  the  description  of  Mr.  Ramsay's  staff  he 
thought  it  would  enable  a  surveyor  to  do  his  work  in  very  much  less  time,  and, 
instead  of  being  dependent  upon  the  assistant,  he  would  make  his  own  readings, 
which  was  a  very  important  advantage.  He  did  not  think  they  should  deprecate 
the  reading  of  short  papers ;  they  were  probably  of  more  practical  value  than  those 
occupying  more  space,  and  it  was  with  much  pleasure  that  he  proposed  that  the 
thanks  of  the  Institute  should  be  given  to  Mr.  Ramsay.  It  was  not  a  staff  essentially 
for  underground  use  ;  he  thought  it  would  have  proved  very  useful  fifty  years  ago  to 
those  who  made  flying  surveys  at  night  for  projected  railways  at  the  risk  of  having 
men  with  pitchforks  after  them. 

Mr.  M.  Walton  Brown  said  he  had  great  pleasure  in  seconding  the  vote  of 
thanks  to  Mr.  Ramsay.  He  had  seen  the  staff  in  use,  and  it  was  incomparably 
superior  to  the  ordinary  staff,  owing  to  the  clearness  with  which  the  readings  were 
made  ;  when  seen  in  use,  its  value  was  at  once  appreciated.  There  was  a  great  differ- 
ence between  the  use  of  the  new  staff  and  the  old  one ;  with  the  new  staff,  a  light 
placed  behind  it  was  sufficient. 

The  President  asked  if  it  was  necessary  to  raise  or  lower  the  light  to  take 
readings  of  the  first  three  feet  ? 

Mr.  Ramsay  said  it  was  not  necessary  ;  a  light  placed  behind  the  staff  illuminated 
its  whole  length. 

Mr.  Blackett  thought  that  for  use  in  the  daylight  it  would  be  better  than  the 
old  white  painted  staff  with  black  figures. 

The  President  agreed  with  Mr.  Blackett,  but  he  thought  the  light  from  behind 
was  an  advantage. 

Mr.  C.  C.  Leach  asked  if  the  red  figures  showed  clearly  with  the  light  behind, 
and  also  how  many  staffs  he  had  broken  .' 

Mr.  Ramsay  said  the  figures  showed  clearly  with  a  light  behind,  and  that  he  had 
not  broken  a  staff ;  if  a  man  had  one  of  these  staves  he  would  be  careful,  and 
ordinarily  there  was  not  much  risk  of  breakage.  (He  showed  the  tin  case  in  which 
the  staff  was  carried.) 

The  President  asked  the  weight  of  the  staff,  and  who  was  the  maker  ? 

Mr.  Ramsay  said  that  the  weight  was  about  1£  lbs.,  and  about  3  lbs.  inclusive 
of  case  ;  Mr.  T.  B.  Winter  made  it. 

Mr.  Elwen  asked  if  dust  and  dirt  would  have  any  effect  upon  the  figures. 

Mr.  Ramsay — Not  the  least,  it  is  glass  on  both  sides,  and  can  be  freely  cleaned 
with  water. 

The  President  invited  the  members  to  handle  and  examine  the  staff.  Levelling 
was  one  of  those  practical  matters  which  they  had  to  deal  with  daily,  and  the  staff 
was  most  valuable  if  they  performed  a  levelling  with  it  in  one-third  of  the  time 
occupied  with  the  ordinary  staff,  and  more  especially  if  the  work  was  done 
without  the  necessity  of  bullying  the  staff-holder. 

Mr.  Leach  asked  if  Mr.  Ramsay  had  noted  the  greatest  distance  at  which 
the  staff  could  be  used  ? 


h;  i  hi.    vu.i  i.  01    I'll" i:\rnv    r0    MIKING    i.m.im 

Tin-  1'i;i>ii>i.n  r  thought  thai  this  dista would  depot  Leal  on  the 

power  of  the  telescope  used.    What  wu  the  general  length  of  a  the 

telescope  and  the  staff  I 

M,.  EtAMBAi  taid  they  had  taken  wry  long  sights,  and  had  experienced  no 
difftonlty  in  making  the  readings.  It  was  perfectly  clear  al  a  distance  of  LOOyaxdc 
in  the  dark  with  a  lighl  behind  the  staff,  bui  this  of  ■  ends  npon  the  power 

of  the  telescope  used. 

i  bw  rote  of  thanks  to  Mr.  Ramsay  for  hi-  paper  was  ananimon  1  to. 


The  President  then  stated  thai  oneof  their  Vice-Presidents,  Mi.  A.  I..  Steavenson, 
who  had  heen  visiting  some  parts  of  Spain,  would  m  remarks  on  his  visit, 

ami  illustrate  them  by  photographs,  adding  a  few  words  on  the  advantage  "t   photo- 
graphy  tu  the  mining  engineer. 

ON  THE  VALUE  OF  PHOTOGRAPHY  TO  MINING  ENGINEERS. 

Mi.  a.  I..  Bteavenson  said  thai  about  two  months  ago  he  received  inductions 
to  visit  a  mining  property  in  Spain.     Ee  started  with  a  friend,  journeying  firsi  to 

London  and  Paris,  next  day  to  Bordeaux,  where  they  met  with  the  mosquitoes,  and 
the  following  day  to  Bilbao,  which  they  reached  ai  6  I  he  fourth  night  of  a 

long  but  very  interesting  journey.    At  Bilbao  they  mei   with  a  friend  win.  could 
speak  Spanish,  and  was  acquainted  with  different  matters  of  interest  oonnected with 

mining,  knowing  the  different  mines  and  their  values,  and  Without  the  advantage  of 
bis  company  it  would  have  been  a  very  difficult  matter  to  complete  their  busi 
The  first  day  was  devoted  to  seeing  the  shipment  of  ore,  and  in  order  to  realise  what 
they  saw  ami  to  bring  home  some  little  information  for  his  friends  he  had  taken 
with  him  a  small  camera. 

The  ore  was  shipped  in  steamers,  and  lie  was  told  there  were  at  that  time  about 
200  steamers  waiting  for  ore.     (Photographs  exhibited.) 

In  the  afternoon  they  went  to  one  of  the  mines,  adjacent  to  Bilbao,  and  not  more 
than  a  mile  and  a  half  distant,  and  found  the  ore  being  carted  in  ox-carts,  down 
roads  about  two  feet  deep  in  mud. 

In  some  cases  they  found  the  ore  being  brought  down  by  wire-rope  tramway.-. 
He  did  not  know  whether  the  members  present  had  seen  any  of  these  tramways  at 
work;  the  ropes  were  run  at   a   considerable  speed,  and  carried  bos  ining 

from  7  to  8  cwt.  of  ore.     (Photographs  exhibited.) 

The  following  day,  in  order  to  make  themselves  acquainted  with  peculiarities  of 
the  ore,  and  to  see  a  really  good  mine,  they  went  to  the  Orconera  mine  or  quarry. 
(Photographs  exhibited.)  They  found  that  immense  dept  '-it  sof  ore  were  being  worked. 
The  deposit  was  from  40  to  50  feet  thick,  and  he  believed  that  they  had  other 
40  or  50  feet  below  that.  After  separating  about  10  per  cent,  of  dirt,  the 
residue  contained  50  per  cent,  of  iron,  and  they  had  no  chance  of  competing  with 
that  in  England,  if  it  were  not  for  the  distance  from  this  country  and  fuel. 

In  one  mode  of  shipping  (photograph  exhibited)  a  spout  was  lowered  towards 
the  ship,  and  a  trunk  lowered  to  the  bottom  of  the  hold  ;  this  photograph  was 
taken  at  six  p.m.,  when  the  light  was  not  very  good,  bui  it  showed  tlte  details  of 
the  machinery. 

Before  reaching  the  mines  they  had  been  deputed  to  visit,  they  went  to  a  branch 
railway  station  and  stayed  at  a  little  hotel,  SO  as  to  make  an  early  -tart  t  he  next 
morning.     Carriages  were  ordered   Eoi    seven  a.m..  but   when  they  goi   up  a  heavy 
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snowstorm  was  raging,  and  they  were  told  it  was  impossible  to  think  of  going  to  the 
mountains,  either  that  or  the  next  day.  They  considered  the  best  thing  they  could 
do  was  to  go  away  to  some  cathedral  town,  where  there  would  be  something  to  see 
and  better  accommodation  than  in  a  country  railway  station  hotel :  and  they  went  to 
see  one  of  the  finest  cathedrals  in  the  world — Burgos — (photograph  exhibited)  and 
stayed  there  until  they  received  a  telegram  saying  the  mountains  were  clear  of  snow. 

In  going  up  the  mountains,  of  considerable  height,  they'  had  the  pleasure  of 
seeing  eagles  soaring  above  them,  an  opportunity  not  often  met  with  in  England. 

On  the  hill  side  they  found  the  deposit  they  had  gone  to  inspect ;  it  extended  for 
some  distance.  (Photograph  exhibited.)  The  deposit  was  a  curious  one,  and,  as 
far  as  they  could  see,  it  was  neither  a  lode  nor  stratified. 

From  the  average  of  some  eleven  or  twelve  bore-holes  the  thickness  of  the  ore 
did  not  amount  to  more  than  10  yards,  but  it  extended  from  the  top  of  the  hill  to  the 
bottom,  a  distance  of  about  300  yards,  and  perhaps  200  yards  wide.  He  had  never 
seen  anything  of  the  kind  before ;  the  deposit  appeared  as  if  it  had  been  simply 
poured  over  the  side  of  the  hill.  People  who  understood  the  geology  of  the  district 
said  it  was  a  cretaceous  formation,  and  was  really  a  deposit  of  iron  from  a  hot  spring. 

He  took  one  or  two  photographs  of  the  style  of  houses,  and  it  would  be  seen  that 
the  cattle  were  housed  below,  in  the  bottom  part  of  the  houses,  the  people  living 
above.     (Photograph  of  roadside  hotel  exhibited.) 

He  would  just  take  the  opportunity  of  pointing  out  the  advantages  of  a  knowledge 
of  photography  to  engineers,  more  especially  as  there  were  a  number  of  young 
members  present.  For  the  purpose  of  taking  the  photographs  submitted,  everything 
required  could  be  carried  on  a  long  day's  walk,  and  there  was  the  advantage  of 
obtaining  views  of  not  only  matters  of  interest  to  oneself  but  to  others  who  could  not 
or  did  not  go  to  see  them.  The  negatives  being  obtained,  copies  could  be  printed  off 
to  the  number  desired,  and  any  of  the  photographs  exhibited  to  them  could  be 
enlarged  to  the  size  of  the  diagram  on  the  wall. 


Mr.  Steavenson  said  after  exhibiting  a  few  more  photographs,  that  if  anyone 
wished  to  ask  any  questions  he  would  be  pleased  to  answer  them. 

The  President  said  they  were  greatly  obliged  to  Mr.  Steavenson  for  bringing 
forward  such  a  useful  and  interesting  subject,  and  invited  discussion. 

Mr.  W.  J.  Bird  asked  if  there  was,  in  Mr.  Steavenson's  opinion,  any  foundation 
for  the  idea,  more  or  less  prevalent,  that  the  richer  ores  of  the  Bilbao  district  were 
approaching  exhaustion,  and  the  average  richness  of  the  ore  was  now  diminished  1 

The  President  said  he  had  been  over  the  mines  referred  to  by  Mr.  Steavenson 
and,  therefore,  appreciated  his  remarks.  Did  Mr.  Bird  apply  his  question  to  vena, 
rubio,  campanil,  or  the  ores  generally  } 

Mr.  A.  L.  Steavenson  said  that  the  existing  mines  were  exhausting  the  best  of 
the  ore  ;  but  in  a  large  district  of  an  area  equal  to  that  of  the  county  of  Northum- 
berland, when  one  hill  of  ore  was  exhausted  they  might  find  another  by  looking  for 
it ;  although  they  were  exhausting  the  known  supply,  they  were  perhaps  not 
exhausting  the  available  supply.  There  was  one  thing,  they  had  to  go  further  inland 
for  fresh  supplies,  and  future  workings  Mould  have  to  bear  the  cost  of 
longer  railway  carriage.  The  mine  railways  were  very  simply  made,  and  the  cost 
of  carriage  by  rail  would  be  very  much  the  same  as  in  this  country,  except  that 
fuel  was  a  little  dearer.  The  oxen  carried  loads  of  about  two  tons  in  carts ;  thev 
were  very  powerful  animals  and  travelled  very  slowly,  but  it  was  disgraceful  to  see 
the  roads  they  had  to  travel. 
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Mr.  Bl  iokbtt  aid  be  could  corroborate  Mr.  8teavenson's  remarlu  utothi 
value  ol  photograph;  to  mining  engineers,  he  had  found  it  extremely  useful  ai 

a  means  of  providing  eviden if  anything  which  was  likely  to  change,  or  about 

which  evidei might  !»•  valuable  In  the  future.     It  was  almoel  ai  easy  now  t"  take 

photographs  underground  as  on  the  surface.  He  would  1  i U < -  t'>  complimenl  Ifr. 
Steavenson  on  the  excellence  of  bis  photographs,  which  spoke  highly  of  liis  ability 
as  a  photographer. 

Mr.  w .  i.i-n\i\N  (Win. .a)  saiil  they  were  all  wry  muoh  obliged  to  Mr, 
Steayenson  for  his  remarks,  and  asked  what  kind  of  light  was  required  for  photo- 
graphing underground  .' 

Mr.  Blaokett  said  bethought  the  magnesium  lighl  was  the  I"--'. 

Mr.  Steavenson  said,  while  he  was  Bpeaking of  the adva  photography, 

lie  would  add  a  word  or  two  about  underground  photography.  He  had  on  two 
'"'  i hree  occasions  tried  to  take  photographs  underground,  and  one  si  his  results,  a 
waggon  running  round  a  curve  with  a  rope  underneath,  was  now  hanging  in  the 
Council  chamber.  It  wasnol  a  difficult  matter ;  he  preferred  magnesium  wire  to  the 
use  of  magnesium  powder  for  obtaining  a  light  sufficient  for  photographing.  The 
best  way  was  to  give  each  assistant — they  generally  had  one  or  two  with  them — 
one  or  two  feet  of  magnesium  wire  to  light  and  hold  near  the  object  to  be  photo- 
graphed. He  started  to  take  photographs  underground  some  eight  or  ten  years  ago  of 
some  fungus  in  the  Cleveland  mines;  they  often  had  very  large  fungi,  and  he 
thought  them  so  beautiful  that  they  would  be  interesting  as  photographs; 
then  he  had  taken  views  of  tubs  and  machinery  underground.  The  magnesium 
light  could  not  be  used  in  a  fiery  mine.  and.  us  it  made  a  good  deal  of  smoke  there 
should  be  a  sufficient  current  of  air  to  carry  it  away  at  once. 

Mr.  W.  Lishman  (Witton)  proposed  a  vote  of  thanks  to  Mr.  Steavenson  for  his 
entertaining  remarks. 

Mr.  M.  Walton  Brown  seconded  the  proposal,  which  was  carried  with 
acclamation. 


FLAMELESS  EXPLOSIVES  COMMITTEE. 

Mr.  W.  Lishman  (Witton)  referred  to  the  appointment  of  a  committee  some 
years  ago  to  report  on  the  use  of  tiameless  explosives  in  mines  ;  he  wished  to  know 
if  any  experiments  had  been  made,  and,  if  so,  when  would  the  results  be  communi- 
cated to  the  members  of  the  Institute  ? 

Mr.  M.  Walton  Brown  said  he  was  a  member  of  the  Flameless  Explosives 
Committee  ;  they  had  prepared  and  approved  a  scheme  for  the  carrying  out  of  the 
experiments,  and  obtained  estimates  for  the  erection  of  their  apparatus,  which  would 
cost  about  £300.  The  matter  had  been  laid  before  the  Council,  who  proposed  to  ask 
the  Coal  Trades  Associations  for  monetary  assistance. 

The  President  said  it  was  now  only  a  question  of  ways  and  means. 

Mr.  W.  Lishman  asked  what  was  the  best  step  to  take  to  raise  the  money  in 
order  that  the  experiments  should  be  carried  out  ? 

The  President  said  he  thought  the  best  course  was  that  proposed  by  the 
Council,  to  apply  to  the  coalowners'  associations  for  subscriptions. 

Mr.  W.  Lishman  said  it  was  a  most  pressing  matter  so  far  as  the  trade  was 
concerned. 

Mr.  Thos.  Bell  (H.M.  Inspector  of  Mines)  said  it  had  been  pressing  for  some 
time,  but  it  had  now  become  a  most  important  matter. 


Twx.Z  Plats  I. 
Th  iUiistrcdx  Jf'  JJS,  Simpsons  remarks  "On  Ancient  Washes  in  the  Coal  Measures  ". 
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The  President  said  the  Council  proposed  to  bring  it  before  the  owners' 
associations,  together  with  a  digest  of  the  principal  points  of  the  proposed  scheme 
of  experiments,  and  a  request  for  a  contribution  to  the  expense. 

Mr.  Lishman  apologised  for  being  so  imperative,  but  he  wished  to  know,  if  they 
received  an  unfavourable  answer  from  the  coalowners,  were  there  any  other  means 
of  getting  subscriptions.  If  the  owners  refused  as  an  association  they  would  not 
refuse  to  subscribe  individually. 

The  President  said  he  thought  the  coal-owners  would  be  more  likely  to  subscribe 
as  a  body  than  as  individuals. 

Mr.  Blackett  asked  if  there  were  any  precedent  for  an  application  to 
Government. 

Mr.  Thos.  Bell  said  the  Government  would  no  doubt  think  they  had  already 
gone  to  great  expense  in  carrying  out  the  elaborate  experiments  of  the  late  Royal 
Commission  on  Accidents  in  Mines,  and  would  probably  not  feel  inclined  to  spend 
more  money  at  present,  and  if  applied  to  for  a  subscription  it  is  possible  that  the 
reply  would  be  a  refusal,  accompanied  with  a  copy  of  the  Report  of  that  Commission. 

This  concluded  the  business  of  the  meeting. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND   MECHANICAL 

ENGINEERS. 


GENERAL    MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

on  Saturday.  June  14th.  1890. 


Mr.  George  Baker  Forster,  Past-President,  in  the  Chair. 


The  CHAIRMAN  said  he  had  much  pleasure  in  informing  the  members  that  their 
President,  Mr.  Marley,  was  very  much  better,  and  hoped  soon  to  be  with  them  again. 

The  confirmation  of  the  minutes  of  the  previous  meeting  was  postponed. 

The  Secretary  said  the  Council  that  day  had  among  other  things  agreed  to 
recommend  that  the  next  meeting  of  the  Federated  Institution  should  take  place 
towards  the  end  of  July — about  the  24th — at  Edinburgh.  Full  details  of  the  pro- 
ceedings on  that  occasion  would  be  issued  to  members  in  due  time,  and  he  would  like 
to  notify  that  if  any  member  had  any  special  paper  to  send  for  that  meeting  it  should 
be  sent  in  early,  as  it  would  take  some  time  to  get  the  papers  properly  ready  for  the 
meeting. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  :  — 

Members — 
Mr.  C.  H.  Eden,  Mining  Engineer.  Old  Etherley. 
Mr.  Leonard  Francis  Gillett.  Mining  Engineer.  Derby. 
Mr.  W.  H.  F.  Maddison.  Mining  Engineer,  The  Lindens.  Darlington. 

Associate — 
Mr.  John   William   Fryar.   Mining  Student,  Seghill   Colliery,  Seghill,  North- 
umberland. 

The  following  gentlemen  were  nominated  for  election : — 

Member — 
Mr.  J.   R.   M.  Robertson,  M.D.,   F.G.S.,   Mining   Engineer,    Linton,   Mitson's 
Point,  Sydney. 

Associates — 
Mr.  Edward   Taylor  Cheesman,  Colliery    Manager,  Blaydon    Main    Colliery, 

Blaydon-on-Tyne. 
Mr.  Thomas  Rontree,  Colliery  Manager.  Harton  Colliery,  South  Shields. 


The  Chairman  called  upon  Professor  Lebour  to  read  a  paper  "  On  Ancient 
'  Washes '  in  the  Coal-measures." 

Professor  Lebour  said  he  must  apologise  for  appearing  as  the  writer  of  a  paper, 
but  the  President,  although  much  better,  had  not  sufficiently  recovered  from  his 
recent  illness  as  to  be  able  to  read  his  promised  paper  on  "  Salt  in  South  Durham  :" 
he  therefore  submitted  a  few  observations  on  the  subject  of  "  Ancient  '  Washes '  in 
the  Coal-measures."* 

*  This  paper  will  be  printed  in  Vol.  II.  of  the  Transactions 
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DISCUSSION   ON    PROFESSOR  LBBOUR'S    PAPEB    OS    "AFOIBNT 
'WASHES'  IN  THE  COAL-MEASUB] 

Mr.  J.  B.  Simpson  said  he  had  listened  with  very  much  interest  to  the  remarks 

of   Professor  Lebour.     What  lie  had  to  say  would  be  very  brief,  and  referred  to 

underground   "nips-out,"  of  which  he  had  only  had  time  thai   mo  make 

cams.    In  the  Five-quarter  Seam,at  Towneley  Colliery,  aboul  300  yards  distant 

from  the  shaft,  they  came  across  a  "nip-out"  (Fig.  1,  Plate  I.),  and  after  driving 
forty  yards  through  it  they  got  into  the  coal  again.  There  was  no  fault, 
went  perfectly  Btraighl  through,  and  the  workings  went  2,000  yards  further  before 
another  "nip-out"  was  met  with.  A  section  of  the  first  "nip-out"  at  C  D  (Fig.  1. 
Plate  I.)  is  shown  in  Fig.  2,  Plate  II.  On  the  cast  side  of  the  "nip-out,"  the  coal 
was  of  the  usual  thickness,  although  it  tapered  sharply  as  shown  on  the  section 
(Fig.  2,  Plate  II.).  The  seam  before  coming  to  this  "nip-out."  was  about  3  feet 
4  inches  thick,  and  after  passing  through  40  yards  of  sandstone,  they  found  on 
the  west  side  that  sometimes  it  fortunately  increased  to  6  feet  or  8  feet,  and  this 
extended  over  an  area  as  large  as  that  which  had  been  washed  out.  In  some  places 
there  was  no  thickening  of  the  seam  on  the  western  side,  but  he  felt  quite  sure 
that  if  they  made  an  exact  calculation  they  would  find  they  had  got  as  much 
additional  coal  on  the  thicker  side  as  would  make  up  for  the  loss  of  coal  "nipped 
out."  The  same  held  good  with  regard  to  the  second  "nip-out"  (Fig.  2.  Plate  I.); 
on  the  western  side  they  found  a  thicker  seam  as  shown  in  the  section  (Fig.  1, 
Plate  II.)  of  the  drift  A  B  (Pig.  2.  Plate  J.).  Contrary  to  what  the  geologists 
alleged  to  occur,  there  was  no  fault,  and  the  coal  was  nearly  always  found  without 
any  rise  or  dip  on  the  other  side  of  the  "  nip-out."  They  hail  pretty  much  the  same 
thing  in  other  [.arts  of  the  colliery.  The  two  "nips-oul  "  shown  on  the  diagrams 
were  tht;  largest  ones  they  hail  ;  they  had  not  proved  how  far  they  extended  to  the 
north  and  south,  but  he  supposed  each  had  been  proved  about  1.000  yards.  The 
peculiarity  was  that  in  the  seam  15  fathoms  above  there  were  no  signs  of  them, 
they  were  purely  local  to  the  seam.  Of  course,  the  seam  resumed  its  normal  thick- 
ness when  they  got  a  considerable  distance  away  towards  the  west. 

Professor  Lebour  asked  whether  the  coal  on  the  side  where  it  was  thickest  was 
of  the  same  quality  .' 

Mr.  Simpson — Yes;  a  peculiarity  is  that  there  is  a  band,  and  on  the  west  Bide 
the  band  is  not  quite  as  thick,  but  more  "  higgledy-piggledy."  The  strata  here  are 
mostly  hard  sandstones.     We  have  never  found  a  single  boulder. 

Mr.  W.  ('.  Blackett  said  he  would  like  to  ask  Mr.  Simpson  whether  he  thought 
it  possible  that  the  top  part  of  the  thicker  seam  was  upside  down  .'  lie  would  also 
like  to  ask  Professor  Lebour  whether  he  thought,  from  Mr.  Simpson's  description, 
that  it  was  a  true  "nip-out."' 

Mr.  SIMPSON  said  he  could  hardly  call  it  upside  down,  but  it  was  very  much 
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mixed  up.  Of  course,  in  a  colliery  they  knew  their  own  seam  when  they  saw  it 
again,  but  the  upper  part  he  could  not  recognise  as  the  same  they  had  before;  the 
lower  part  was  recognisable,  but  not  the  upper  part. 

Mr.  Daglish  said  the  terms,  "roll,"  "nip,"  and  "wash-out"  had  been  used 
somewhat  indiscriminately.  He  ventured  to  think  they  were  three  distinct  things. 
They  met  with  "  rolls  "—especially  with  a  post-roof— where  the  roof  came  down,  it 
might  extend  a  considerable  distance,  but  it  was  of  the  same  material  as  the  roof, 
and  these  -'rolls"  were  local.  They  met  with  "nips-out"  underground  like  that 
described  by  Mr.  Simpson — he  (Mr.  Daglish)  had  experienced  several  in  Wales — no 
change  being  met  with  in  the  overlaying  seams,  but  a  great  thickening  extending 
over  the  seam  affected  in  approaching  the  "  nip-out ; "  there  was  no  deterioration 
except,  perhaps,  that  the  coal  was  a  little  softer,  but  still  of  excellent  quality, 
and  in  some  cases  a  -A  feet  6  inch  seam  became  10  feet  and  even  12  feet  high, 
and  somewhat  dangerous  to  work.  In  this  district,  too,  they  had  action  of  that- 
kind.  The  Low  Main  Seam  was  "  nipped-out,"  not  by  alluvial  deposit  but  by  rock, 
over  a  great  portion  of  the  Belmont  estate,  and  over  the  whole  of  the  Grange 
estate  Then,  again,  they  had  the  "wash-out,"  such  as  the  Team  "wash"  or 
"drift"  (described  in  Messrs.  Nicholas  Wood  and  E.  F.  Boyd's  paper,  in  Volume 
XIII.  of  the  Transactions  of  the  North  of  England  Institute),  which  passes  beside 
Kimblesworth,  and  where  he  (Mr.  Daglish)  thought  there  was  no  alteration  of  the 
seams  except  a  little  reddening,  and  they  passed  from  the  seams  into  alluvial 
matter  of  a  totally  different  character  to  the  Coal-measures. 

Professor  Lebour  said  he  ventured  to  think  Mr.  Daglish  was  perfectly  right 
in  saying  the  three  terms,  "  roll,"  "  wash,"  and  "  nip-out,"  should  be  applied  to 
different  things.  They  were  three  distinct  phenomena,  and  it  would  be  well  to 
describe  them  by  those  terms  which  were  now  but  loosely  applied.  A  "  wash  " — that 
is,  an  ancient  "  wash  " — being  often  described  as  a  "  nip-out,"  and  sometimes  by  other 
terms.  "  Roll "  was  more  generally  limited  to  what  it  meant— a  thinning  of  the 
coal — and  as  Mr.  Daglish  mentioned,  there  were  a  great  many  of  these  in  the  Low 
Main  Seam  in  certain  parts  of  the  Durham  coal-field.  He  would  very  much  like 
to  ask  Mr.  Daglish  if  he  had  any  knowledge  of  the  "  nip-out "  at  Whitley  ? 

Mr.  Daglish  said  he  was  not  familiar  with  it,  but  he  did  not  think  if  it  had  been 
met  with  underground  that  the  thinning  out  of  the  seam  would  have  had  anything 
to  do  with  it.  From  the  diagram,  he  would  say  it  was  a  "  wedge-out,"  not  a  "  nip- 
out."     Was  the  diagram  properly  drawn  ? 

Professor  Lebour  agreed  that  it  was  a  case  of  "  wedge-out,"  He  thought  it  was 
properly  drawn,  although  there  was  a  great  deal  of  false  bedding  in  the  sandstones. 

Professor  MERIVALE  said  he  was  familiar  with  the  "  wash-out,"  or  "  nip-out,"  or 
whatever  it  might  be,  in  the  neighbourhood  of  Gosforth,  and  he  thought  it  was 
drawn  correctly,  but  he  could  not  tell  what  it  was ;  he  had  often  been  puzzled  over  it. 
Certainly  there  was  no  thickening  of  the  coal  as  was  noticed  in  so  many  of  the 
"  washes  "  or  "  nips-out "  in  their  collieries.  He  thought  one  of  t  he  largest  of  these  was 
at  Broomhill.  About  410  acres,  he  estimated,  of  their  Main  Seam  had  been  swept 
away,  the  seams  both  above  and  below  remaining  intact,  and  the  thickening 
of  the  coal  near  the  "wash"  and  in  an  island  of  coal  in  the  middle  of  the 
"wash"  was  very  marked  indeed.  It  ran  6  or  7  feet  of  clean  coal,  without 
a  band  in  it,  in  the  neighbourhood  of  the  "  wash-out,"  but  half  a  mile  away  the 
seam  thinned  down  to  4%  or  5  feet  of  coal  with  a  band  in  it,  The  rock  was 
hard — he  understood  Mr.  Daglish  wished  to  make  a  distinction  between  the 
hard  rocks  of  the  "rolls"  and  the  softer  rocks  in  the  "wash."  Whether  that 
really  had  anything  to  do  with  it  or  not  he  did  not  know,  or  whether  with  the 
hard  rock  they  would  expect  the  seam  to  be  thicker,  and  with  the  softer  beds  they 
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would  not  expect  it  to  thicken.     Ee  did  oot  quite  know  whether  there  should  be 
any  connection  in  this  way,  bat  at   Broomhill  the  seam  much 

thicker.      It   seemed   possible   that    they  would  gel  a  thickening,  if  the  vegetable 
matter  was  w :i-h< . I  away  before  it  bad  begun  t<>  consolidate,  for  it  would  then 
had  a  better  chance  of   being  pushed  aside  and  accumulating  on  either  side  of 
was! i."  whereaB  if  it  bad  begun  to  consolida  I  more  probably  have  be<  □ 

swept  away.     Ee  did  not  understand  bow  Che  smaller  "  washes "    oi 
should  be  called    were  formed.    One  would  have  ould  have 

washed  a  way  through  a  considerable  distance  instead  of  picking  out  a  l>it  here  and 
a  bit  there. 

Mr.  J.  B.  Simpson  Would  it  not  rather  depend  on  the  level  at  which  the 
stream  was  running? 

Professor  Lebour — And  the  plane  along  which  the  river  was  running  may  have 
altered. 

Mr.  J.  B.  Simpson  said  there  was  an  interesting  "wash"  at  Prudhoe  and 
Jlickley;  interesting  from  a  scientific  point  of  view,  though  not  interesting 
to  the  coal  owners.  The  Five-quarter  Seam  was  washed  oul  for  a  width  of 
about  800  yards;  and  the  Six-quarter  and  Three-quarter  Scam-  were  o< 
much  washed  out  as  the  upper  one.  They  had  jubI  reached  the  Bame"wash"in 
the  Brockwell  Seam,  which  was  denu  led  for  a  breadth  of  about  in  yards.  This 
large  ••wash"  had  been  proved,  in  the  Five-quarter  Seam,  to  have  a  length  of  about 
■2^  miles,  and  was  situated  at  a  considerable  height  above  the  sea-k-vcl.  bul  joined, 
he  supposed,  the  greal  Tyne  "  wash"  and  the  Team  ••  wash,"  the  latter  of  which  was 
so  ably  described  by  Mr.  Wood  and  .Mr.  Boyd.  No  doubt,  it  was  the  same  "wash." 
and  might  be  made  the  subject  of  a  very  intere>tin<_r  paper,  especially  if  the  observa- 
tions Of  Messrs.  Boyd  and  Wood  were  continued  up  and  down  the  Tyne. 

Professor  LEBOUR — I  always  thought  Mr.  Simpson  was  busy  on  that. 

Mr.  \V.  0.  Blackett  said,  with  regard  to  the  Team  "wash,"  the  coal  in 
approaching  it  did  not  thicken  at  all.  but  simply  deteriorated  in  quality. 

The  Chairman — Is  it  an  alluvial  "  wash  .'" 

Mr.  BLACKETT — Yes;  and  he  would  like  to  draw  attention  to  the  great  differ- 
ence between  the  alluvial  ••washes"  and  the;  other  "nips-out"  mentioned.  No 
deterioration  of  the  coaJ  was  found  in  those  described  by  Mr.  Simpson,  and  that 
would  seem  to  point  to  some  difference  in  the  ways  in  which  the  coal  had  been 
denuded,  and  in  the  length  of  time  during  which  the  denudation  was  effected. 
They  had  hail  great  difficulty  iu  going  over  the  royalties  at  Charlaw,  Kimbles- 
worth,  and  Sacriston,  where  there  were  some  curious  "  nips-out."  In  one  place  the 
seam  went  suddenly  down  in  the  form  of  an  ordinary  "nip."  from  3  feet  to  10 
inches,  and  continued  evenly  at  this  height  for  a  long  distance.  They  had  not 
explored  it  right  through,  but  it  eventually  resumed  its  original  height  of  3  feet. 
In  another  ease  they  had  a  clean  "nip-out,"  l'6U  yards  wide,  and  the  coal  imme- 
diately adjoining  was  as  good  as  anywhere 

Mr.  SIMPSON  asked  the  length  of  the  260  yards'  ••  nip  .'" 

Mr.  Blackett  said  they  had  not  been  able  to  find  out.  The  great  difference 
was — and  it  was  most  noticeable — that  in  the  ancient  "nip-out"  where  they  usually 
had  a  post-roof  the  coal  did  not  deteriorate  in  quality  even  to  the  very  edge, 
while  in  the  alluvial  "washes"  the  coal  was  bad  for  perhaps  lot)  yards  before 
reaching  it.  He  wished  to  know  whether,  in  some  of  the  case8  "t  thickened 
coal  approaching  a  ••nip-out,"  which  bad  been  nientinned.it  was  possible  by  any 
means  whatever  that  the  seam  which  had  occupied  this  space  could  have  been 
turued  bodilv  over.' 
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Professor  Lebottr  said  he  was  afraid  he  could  not  answer  Mr.  Blackett's  question. 
It  might  possibly  have  drifted  over,  but  then  it  would  be,  as  Mr.  Simpson  described 
it.  "  higgledy-piggledy."  and  not  turned  over  bodily. 

Mr.  T.  H.  M.  Stratton  said  that,  bearing  on  the  question  of  "  washes-out,"  they 
had  a  series  of  them  at  Tredegar  which  affected  every  seam  in  a  royalty  of  over 
5,000  acres.  These  "washes-out."  or  "barren  grounds"  as  they  were  there  termed, 
were,  as  suggested  by  Professor  Merivale,  like  the  bed  of  a  river,  but  they  were  not 
continuous,  and  in  the  middle  of  the  "  barren  ground  "  little  islands  of  coal  were 
frequently  to  be  found.  A  "wash-out"  or  "barren  ground"  could  always  be 
calculated  on  in  a  certain  general  position,  but  they  were  not  always  of  the  same 
description  :  in  this  one  royalty  they  had  all  the  kinds  mentioned  to-day.  In  some 
cases  the  coal  was  good  right  up  to  the  edge  of  the  "  nip-out ; "  in  others  it  was  soft 
and  inferior  for  a  considerable  distance.  It  gave  the  general  impression  that  a 
river  had  removed  the  coal  when  in  a  soft  state,  and  this  was  confirmed  by  the  fact 
that  frequently  the  washed  out  coal  was  simply  deposited  on  the  top  of  the  adjacent 
seam,  thus  doubling  and  sometimes  tripling  the  normal  thickness  of  the  seam. 
The  course  of  the  seam  could  always  be  traced  :  the  thill  or  clay  was  under  where  the 
seam  once  had  been.  In  one  case  he  thus  traced  a  seam  for  nearly  half  a  mile.  It 
was  difficult  to  explain,  and  no  theory  was  perfectly  satisfactory. 

The  Chairman  said  he  had  much  pleasure  in  moving  a  vote  of  thanks  to 
Professor  Lebour  for  his  very  interesting  notice  of  these  ancient  "  nips-out,"  and 
now  that  the  point  had  been  raised  he  thought  that  they  should  try  to  elucidate 
the  facts  and  gather  up  examples  from  which  alone  they  could,  perhaps,  derive 
a  theory.  He  thought  himself  there  was  some  difference  between  alluvial 
"  washes  "  and  what  they  called  "  nips-out "  underground.  In  the  alluvial "  washes  " 
there  was  no  pressure,  whereas  in  the  large  "nips"  found  underground  there  must 
have  been  considerable  pressure.  He  had  seen  some  of  the  Midland  "washes" 
Professor  Lebour  alluded  to,  and  there  was  always  disturbance  of  some  sort.  He 
recollected  one  case  where  the  cannel  had  been  carried  to  another  part  of  the 
seam,  which  became  a  seam  with  two  distinct  beds  of  cannel.  With  regard  to 
Professor  Merivale's  suggestion  as  to  the  course  of  the  river  bed,  they  did  not  know 
whether  there  may  not  have  been  large  pools  or  holes  in  which  the  sand  was 
deposited.  He  had  noticed,  too,  in  places  along  the  shore,  where  the  tide  some- 
times came  and  sometimes  did  not,  a  kind  of  peaty  vegetation  grew  up,  in  which 
there  are  often  hollows.  How  this  was  caused  he  did  not  know,  but  it  seemed  to 
him  that  something  of  this  kind  might  have  prevailed  and  had  its  effect  in  regard 
to  the  action  of  the  ancient  "  washes."  He  hoped  they  would  follow  out  Professor 
Lebour's  advice  and  continue  this  subject,  and  more  especially  that  Mr.  Simpson 
would  proceed  with  his  paper. 

The  vote  of  thanks  was  carried  with  acclamation. 


DISCUSSION  ON  MESSES.  T.  E.  FORSTER  AND   H.  AYTON'S   PAPER   ON 
"IMPROVED  COAL  SCREENING  AND  CLEANING." 

The  Chairman  announced  Messrs.  T.  E.  Forster  and  H.  Ayton's  paper  "  On 
Improved  Coal  Screening  and  Cleaning  "  open  for  discussion. 

Mr.  Ayton  said,  before  entering  on  the  discussion,  he  would  like  to  mention  that 
one  or  two  alterations  had  been  made  in  the  table  of  costs  since  the  publication  of 
the  paper,  as  follow  ; — 
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Percentage  of  load  picked  out 

i  lost  per  ton  on  coal  cleaned 


3. 

a 

8-44 

19-10 

182 

1  10 

15-08 

d. 

d. 

l-io 

line  5,  for  "  bucket  "  read  " 


Professor  Mebivaxe  suggested  that  some  date  should  be  put  to  the  1 

.Mr.  Avton  said  the  costs  had  all  been  calculated  to  the  same  time  (October, 
1889);  in  some  cases  they  had  found  it  necessary,  from  the  prices  prevailing  at 
differenl  times,  to  reduce  them  all  to  a  basis  or  Btandard. 

Professor  Mebivale  said  he  would  like  to  ask  Mr.  Ayton  if  be  had  had  any 
difficulty  with  the  belt  7  Theirs  had  been  most  successful,  and  they  picked  out  25  per 
cent,  more  stone,  saving  about  !d.  per  tun,  but  it  made  a  fearful  squeaking. 

The  i  ha  l  km  an  -It  wants  a  little  oil. 

Professor  Mebivale — We  spend  about  15s.  a-week  on  grease,  bo  it  i-  not  that. 

Mr.  Avion  slid  lie  had  nor  experienced  any  difficulty  in  that  matter.  Perhaps 
the  rollers  were  set  a  little  too  low. 

The  Chairman  asked  Mr.  Steavenson  if  he  had  any  remarks  to  make? 

Mr.  STEAVENSON  said  he  had  not.  The  object  in  their  district  was  to  get  the 
coal  small ;  if  they  did  not  get  it  small  enough  they  smashed  it  with  a  breaker. 

Mr.  J.  T>.  Simpson — I  think  Mr.  T.  E.  Forster  might  give  us  his  experience  on 
this  subject  in  Australia. 


DISCUSSION  ON  ME.  ARNOLD  LUPTON'S 

FAN." 


NOTES  ON  THE  MEDIUM 


The  Secretary  stated  that  Mr.  Lupton  had  intended  to  be  present,  but  he 
had  that  morning  received  a  letter  from  that  gentleman  stating  his  inability  to  be 
present,  and  saying  that  he  had  sent  some  diagrams  for  the  meeting.  These, 
however,  although  it  was  ascertained  that  they  had  arrived  in  Newcastle,  had  not 
yet  been  delivered,  but  they  were  reproduced  in  the  paper,  of  which  copies  were  on 
the  table,  and  could  therefore  be  referred  to  by  any  gentleman  who  wished  to  take 
part  in  the  discussion.  Mr.  Lupton  was  anxious  that  the  discussion  should  be  pro- 
ceeded with  in  his  absence,  and  any  question  which  might  be  asked  would  be  for- 
warded to  him. 

Mr.  A.  L.  Steavenson  said  the  subject  of  fans  was  one  which  had  often  been 
discussed  here,  and  he  would  not  now  occupy  the  attention  of  the  meeting  many 
minutes.  The  paper  seemed  to  be  another  instance  of  the  mistakes  inventors  were 
apt  to  fall  into.  As  was  pointed  out  when  the  paper  was  first  discussed  at  the 
Midland  Institute,  the  results  said  to  be  attained — 107  per  cent. — meant  more  than 
perpetual  motion  ;  it  was  therefore  quite  clear  that  the  experiments  given  were  a 
mistake.  He  agreed  with  much  of  the  paper.  It  was  essential  that  a  fan  should 
"produce  the  required  ventilation  without  breakdowns,"  "  work  with  the  maximum 
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of  economy."  and  "  require  the  minimum  of  capital  outlay,"  and  under  ordinary 
circumstances  he  agreed  that  "the  centrifugal  machine  is  first  and  the  rest 
nowhere."  As  a  general  rule  they  might  take  it  that  the  centrifugal  fan  was  quite 
unapproachable  for  all  ordinary  work.  On  the  next  page,  however,  it  was  stated 
that  the  Capell  fan  was  "  cutting  a  road  to  the  front."  This  he  entirely  disputed.  Mr. 
Capell  was.  like  Mr.  Lupton,  labouring  under  a  mistake  :  they  made  experiments 
without  sufficient  care,  and  showed  more  air  than  really  existed.  He  also  disputed 
the  statement  that  ::  the  ordinary  method  of  measuring  the  velocity  for  a  half  minute 
or  one  minute  is  a  mere  approximation."  If  the  experiments  were  properly  made 
and  the  anemometer  carefully  handled,  the  results  obtained  would  be  accurate.  He 
had  proved  this  over  and  over  again  by  repeated  experiments  which  gave  exactly 
the  same  results,  provided  the  conditions  were  such  as  permitted  accuracy.  -And 
with  regard  to  the  effects  of  currents  of  air  on  the  water-gauge.  Professor  Herschel 
had  suggested  that  the  mouth  of  the  water-gauge  tube  should  be  placed  in  such  a 
position  that  the  air  could  not  blow  into  it.  With  the  Schiele  and  small  fans  the 
water-gauge  was  often  very  far  in  excess  of  what  it  actually  put  upon  the  mine, 
because  they  were  able  to  get  a  vacuum,  under  which  the  mine  afforded  more  air 
than  the  fan  could  swallow,  and  the  consequence  was  that  at  a  certain  distance  from 
the  fan  the  water-gauge  almost  disappeared,  while  that  at  the  fan  was  constant. 
This  occurred  with  all  the  small  fans,  but  least  of  all  with  the  Guibal.  "A  glance 
will  show  that  there  are  many  inconsistencies,  and  all  that  can  be  said  for  them  is 
that  with  such  appliances  as  were  at  hand,  and  such  time  as  he  could  spare  for  the 
work,  an  honest  endeavour  was  made  to  ascertain  the  facts."  He  (Mr.  Steavenson) 
was  perfectly  ready  to  accept  that.  He  had  not  the  slightest  doubt  that  Mr. 
Lupton,  Mr.  Capell,  and  other  gentlemen  who  got  so  far  wrong  had  done  it 
accurately — so  far  as  they  knew  how.  They  would  no  doubt  remember  that  on  one 
occasion  a  gentleman  said  he  got  70  to  77  per  cent.,  but  when  Mr.  W.  Cochrane  and 
himself,  with  one  or  two  others,  went  over  to  the  colliery  to  spend  a  day  over 
the  experiments  they  obtained  very  much  less.  Then  as  regards  the  table  on 
page  71.  Mr.  Lupton  gave  the  water-gauge  which  he  calculated  as  due  to  the 
velocity  as  2-H  inches,  with  90  revolutions  of  a  20  feet  fan.  If  they  had  taken  a 
Guibal  fan — where  they  had  the  benefit  of  a  chimney — and  with  the  same  speed  of 
periphery,  the  water-gauge  due  to  the  speed  would  have  been  nearly  double  what 
the  writer  of  the  paper  took  it  as — viz.,  V2  -=-  32  instead  of  V2  -4-  6L  As  to  the  fan 
described,  it  seemed  to  be  a  sort  of  cross  between  the  Guibal,  Schiele,  and  Waddle  ; 
they  were  all  mixed  in  it  a  little  ;  it  was  a  combined  fan.  In  the  discussion  which 
followed  the  reading  of  the  paper  there  was  not  much  said  except  that  it  was  quite 
clear  the  figures  could  not  be  right.  He  (Mr.  Steavenson)  quoted  one  or  two 
extracts  from  the  discussion  in  question,  and,  concluding,  said  he  hoped  that 
Mr.  Brown,  who  had  had  a  great  deal  of  trouble  in  testing  various  fans,  would 
some  day  have  this  one  tested,  when  he  was  quite  sure  it  would  be  found  to  give 
the  usual  results  of  an  open  running  fan,  somewhere  about  46  to  50  per  cent. 

The  Chairman — I  think  it  should  be  pointed  out  that  Mr.  Lupton  says  in  a 
foot-note  that  this  107  per  cent,  is  evidently  a  mistake. 

Mr.  A.  L.  Steavenson — Yes  ;  he  admits  it  is  impossible  ;  but  my  argument  is 
that  if  one  of  the  experiments  is  wrong,  they  all  are  and  must  be. 

The  Chairman  asked  Mr.  May  if  he  had  anything  to  say  on  the  subject  1 

Mr.  May  said  he  had  no  observations  to  make,  except  that  with  the  Guibal  fan 
there  was  little  difference  between  the  water-gauge  close  to  the  fan  and  at  the  pit 
bottom. 

Mr.  M.  Walton  Browx  said,  if  the  Guibal  fan  had  been  under  the  same  condi- 
tions as  the  Waddle  fan  it  would  have  shown  an  equally  great  resistance  and  con- 
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results  of  Mr.  Lupton  »uld  have  been  made 

at   the  Bame  velocity  of  rotation.    The  influence  of  the  variations  "f  th( 
could,  how  liminated  by  the  application  of  the  fundamental  principle  thai 

in  any  mine,  under  the  Bame  conditions,  the  volume  of  air  is  proportional  to  the 

sity  of  rotation,  and  the  wat  rith  the  square  of  the 

velocity  of  rotati I  the  fan,    The  following  table  Bhows  the  results  of  the  i 

ments  when  reduced  to  :i  aormal  speed  of  1,000  fed  of  rim,  01  lutione  of 
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The  experiments  being  made  under  the  Bame  conditions,  it  is  difficult  to  understand 
why  the  volumes  and  water-gauges  obs  srved  in  the  experiments  do  not  accord  when 
reduced  to  a  normal  velocity  of  rotation  ;  and  where  the  manometrical  efficienc 
as  high  as  •<'>:>  with  the  volumes  of  air  observed.  Borne  doubt  attaches  naturally  as 
tn  the  accuracy  of  a  mechanical  efficiency  of  '655,  and  more  especially  as  to  the 
accuracy  of  the  higher  results  recorded.  It  would  have  added  to  the  vali 
Mi-.  Lupton's  paper  if  In-  had  named  the  colliery  where  the  Medium  fan  hail  been 
applied  and  could  be  seen  at  work.  It  was  a  matter  of  regret  that  Mr.  I. Upton  was 
not  able  to  be  present  at  this  discussion. 

The  CHAIRMAN  said  the  Secretary  would  of  course  send  this  discussion  to  Mr. 
Lupton,  and  allow  him  to  make  any  reply  at  the  next  meeting.  They  could  hardly 
expect  him  to  come  to  Newcastle,  but  he  would  no  doubt  send  some  reply  on  the 
points  raised. 


PROCEEDINGS.  59 


FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 


GENERAL      MEETING. 

Held  in  the  Exhibition  Lecture  Hall.  Edinburgh,  on  Thursday 
July  24th.  1890. 


Mr.  William  Cochrane.  Vice-President,  in  the  Chair. 


The  Chairman  said  he  was  sorry  to  have  to  occupy  the  chair  that  clay,  in  conse- 
quence of  the  illness  of  their  President,  who  still  remained  too  unwell  to  leave  his 
home.  He  was  sure  the  members  would  hear  of  this  with  regret,  and  that  they 
would  join  in  expressing  sympathy  with  Mr.  Marley  in  his  indisposition,  and  in 
hoping  that  he  would  be  soon  restored  to  health.  The  President  had  been  very 
anxious  to  be  present  at  this  meeting,  and  quite  recently — in  fact,  only  the  previous 
week — told  the  Secretary  he  thought  he  would  be  strong  enough  to  attend.  Unfor- 
tunately, however,  that  hope  had  not  been  realised,  and  they  must,  therefore,  get  on 
as  best  they  could  in  his  absence.  The  occasion  of  meeting  in  Edinburgh  was  in 
consequence  of  the  Exhibition.  It  was,  accordingly,  felt  that  but  little  in  the  way 
of  outside  excursions  should  be  arranged,  in  order  that  the  members  might  have 
an  opportunity  of  examining  everything  of  interest  there  ;  the  electrical  portion  was, 
he  believed — though  he  had  not  had  au  opportunity  of  examining  it  himself — ex- 
tremely valuable.  Excursions,  had  been  arranged  for  the  following  day,  under  the 
charge  of  Mr.  Morison,  to  the  Lothian  Collieries,  which  could  be  reached  by  going 
to  Dalhousie  Station,  from  which  they  were  distant  about  a  mile,  and  during  the 
whole  of  the  day  any  member  of  the  Institution  would  be  welcomed.  These  col- 
lieries were  principally  interesting  in  consequence  of  the  very  steep  seams  being 
worked.  On  the  same  day,  the  manager  of  the  haulage  and  tram-car  arrangements 
in  Edinburgh  would  be  at  the  central  works  of  the  Cable  Tramway  Company,  at 
Henderson  Row.  and  would  be  glad  to  give  explanations  upon  the  machinery 
during  the  whole  of  the  day.  He  had  only  to  add  that  there  was  a  dinner — at 
which  he  would  like  to  see  as  many  members  as  could  meet  together — arranged 
for  six  o'clock  that  evening,  and  the  Secretary  would  be  glad  to  take  the  names 
of  those  who  would  attend.  The  business  for  the  present  meeting  was  Messrs. 
Armstrong  and  Bird's  paper  on  the  subject  of  "  The  Economical  Working  of  Steam 
Boilers  at  Collieries." 


Mr.   A.  L.   Steavenson   then  read  Messrs.   Armstrong  and  Bird's:  paper,  as 
follows : — 
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Till:  ECONOMICAL  WORKING  OP  STEAM   BOILERS  AT  OOLUERE 

P.v   W.    Ai:\i-'i  .    LHD   W.  .1.    Mii:i>. 

I.— INTRODUC  I 

This  elaborate  enquiry  arose  from  a  desire  to  tesl  thoroughly  the  comparative 
advantages  of  mechanical  ind  hand-firing,  before  fitting  up  d  the 

Henderson  mechanical  furnaces  on  a  range  of  Lancashire  boil©  [range 

Colliery.    The  results,  as  will  be  seen  hereafter,  were  sufficiently  satisfactory;  and 
the  writers  were  induced  to  continue  the  enquiry  into  every  circunu 
the  Buhject,  so  far  as  the  colliery  plain  would  allow. 

I'    ond  1         ionomic  advantages  of  mechanical  over  hand-firing — and  this  more 
especially  applies  t<>  boilers  of  the  Lancashire  type    the  regulai 
fuel,  forming  a  fire  of  constant  thickness,  ami  tin-  automatic  cleaning  arrangement  of 

thr  bars,  resull  in  an  avoidant f  th  e  ami  destructive  strains  throughout 

the  entire  structure  of  the  boiler  (shortening  its  life,  causing  oo  ikages  and 

frequent  n  scasioned  whenever  the  fires  requi  j,  and  more  especially 

cleaning,  under  the  old  system. 

Thr  experiments  have  been  continued  over  many  months  in  order  to  accumulate 
materials  of  sufficient  interest  to  lay  before  the  members  of  this  Institution. 

All  the  evaporative  tests  were  made  of  18  hours1  duration.  This  is  very  much 
longer  than  tests  are  usually  made,  but  it  was  adopted  witha.viewof  showinj 

I  under  the  ordinary  working  conditions  of  colliery  practice.  In  the 
case  of  the  Lancashire  boilers,  the  ordinary  working  pressure  was  35  lbs.  from  6  a.m.  to 
6  p.m.,  and  60  lbs.  from  6  p.m.  to  6  a.m..  the  latter  pressure  being  required  during  the 
night  for  the  steam-supply  of  a  large  underground  pumping  engine.  In  the  case  of  the 
egg-ended  boilers,  however,  35  lbs.  was  tin1  ordinary  working  pressure  day  and  night. 

In  all  evaporative  tests,  the  condition  and  size  of  the  fires  must,  of  course,  be  the 
same  at  the  end  of  the  test  as  at  the  commencement,  and  this  is  a  matter  which 
personal  judgment    alone  can  decide.     Any  error  in  such  an  may  be  a 

materially  disturbing  factor  in  tests  of  short  duration,  but  over  a  long  of    18 

hours  the   proportions  of  any  possible   mistaken   comparison    of  the  tires  become 
infinitesimal 

When  the  Admiralty  experiments  were  made  at  Newcastle  to  determine  the 
evaporative  efficiency  of  Northumberland  coal,  the  test  period  was  fixed  at  5 
hours  only,  ami  the  experiments  may,  therefore,  show  errone  "is  results. 

The  amount  of  coals  burnt,  and  the  resultant  ash  was  ascertained  by  careful 
weighing. 

A  Siemens' water-meter  was  fixed  on  the  feed-water  pipe  to  record  the  amount 
of  water  evaporated.  Its  accuracy  was  tested  at  intervals  during  the  period  over 
which  the  experiments  extended,  by  comparison  with  a  tank  of  known  capacity.  The 
instrument  was  specially  adapted  for  hot  water,  and  registered  up  to  1,000,000 
gallons,  and  care  was  taken  that  the  water-level  in  the  boiler  was  the  same  at  1 1 1. 
of  each  test  as  at  the  commencement. 

The  weight  of  water  evaporated  is  frequently  computed  by  estimating  101bs.= 
1  gallon,  irrespective  of  the  temperature  of  the  feed.     How  serious  an  error  this  may 
sion  will  be  seen  from  Table  I.,  which  shows  the  true  proportions  at   different 
temperatures,  and  by  which  all  results  of  these  experiments  were  computed. 

The  feed  waiter  for  the  Lancashire  boilers  is  heated  in  a  Twibell's  Economizer, 
placed  at  the  end  of  the  main  flue  ;  ami  that  for  the  egg-ended  boilers  by  the  exhaust 
steam  from  the  engines.  The  temperatures  were  taken  by  thermometers  screwed 
into  the  feed  pipe. 

The  apparent  duty  is  calculated  by  dividing  the  weight  of  water  evapor- 
ated by  the  weight  of  fuel  burnt.     Then  the  variations  in  the  temperatures  of  the 
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TABLE  I. 
Weight  of  a  Gallon  of  Water  at  various  Temperatures. 


Temp. 

Pounds. 

Temp. 

Pounds. 

Temp. 

Pounds. 

Temp. 

Pounds. 

o 

32 

10  0137 

o 

107 

9-9254 

151 

9-8097 

195 

9  6624 

34 

10  0140 

108 

9-9233 

152 

9  8067 

196 

9*6587 

36 

100144 

109 

9  9212 

153 

9  8036 

197 

9  6550 

38 

100147 

110 

99191 

154 

9-8005 

198 

9-6513 

40 

10-0150 

111 

99170 

155 

9-7974 

199 

9-6476 

42 

10  0]  47 

112 

99149 

156 

9  7943 

200 

9  6439 

44 

100138 

113 

9  9124 

157 

97912 

201 

9  6402 

46 

10-0129 

114 

9  9099 

158 

97881 

202 

9  6364 

48 

10-0120 

115 

9  9074 

159 

9-7850 

203 

9  6327 

50 

100110 

116 

9-9059 

160 

9-7819 

204 

9  6290 

52 

10-0100 

117 

9  9024 

161 

9-7788 

205 

9  6253 

54 

10-0080 

118 

9  8999 

162 

97756 

206 

9  6216 

56 

100060 

119 

9-8974 

163 

9-7724 

207 

9-6179 

58 

10  0040 

120 

9  8949 

164 

9-7692 

208 

9  6142 

60 

10  0020 

121 

9  8924 

165 

9-7660 

209 

9-6105 

62 

100000 

122 

9  8898 

166 

9-7628 

210 

9  6068 

64 

9  9978 

123 

98873 

167 

9-7596 

211 

9  6031 

66 

9-9956 

124 

9  8848 

168 

9-7564 

212 

95994 

68 

9  9934 

125 

9-8823 

169 

9-7532 

214 

9-5914 

70 

99912 

126 

9-8798 

170 

9  7500 

216 

9  5834 

72 

9  9S89 

127 

9-8773 

171 

9-7468 

218 

9-5754 

74 

9  9859 

128 

9  8748 

172 

9-7436 

220 

9-5674 

76 

9  9829 

129 

9-8723 

173 

97402 

222 

9  5594 

78 

9  9799 

130 

9  8698 

174 

9  7368 

224 

9  5514 

80 

9  9769 

131 

9  8673 

175 

9-7334 

226 

9-5434 

82 

9  9739 

132 

9  8648 

176 

9-7300 

22S 

9-5354 

84 

9  9703 

133 

9  8620 

177 

9-7266 

230 

9-5273 

86 

9-9667 

134 

9-8592 

178 

9-7232 

232 

9-5190 

88 

9  9631 

135 

9-8564 

179 

97198 

234 

9-5107 

90 

9  9595 

136 

9  8536 

180 

9-7164 

236 

9-5024 

92 

9-9559 

137 

9  850S 

181 

97130 

238 

9  4941 

94 

99519 

138 

9-8480 

182 

9  7095 

240 

9-4858 

95 

9  9499 

139 

9-8452 

183 

9  7059 

242 

9  4775 

96 

9-9479 

140 

9  8424 

184 

9-7023 

244 

9  4692 

97 

9-9459 

141 

9  8396 

185 

9-6987 

246 

9  4609 

98 

9-9439 

142 

9-8367 

186 

9-6951 

248 

9  4525 

99 

99419 

143 

9-8337 

187 

9  6915 

250 

9-4441 

100 

9-9399 

144 

9-8307 

188 

96879 

252 

9  4354 

101 

99379 

145 

9-8277 

189 

9-6843 

254 

9  4267 

102 

9  9359 

146 

9  8247 

190 

9-6807 

256 

9-4180 

103 

9-9338 

147 

9-8217 

191 

9-6771 

258 

9  4093 

104 

99317 

148 

9-8187 

192 

9  6735 

260 

9-4006 

105 

9  9296 

149 

9-8157 

193 

9-6698 

262 

93919 

106 

9-9275 

150 

9-8127 

194 

9-6661 

264 

9  3832 

feed-water  and  of  evaporation  require  correction  to  one  common  standard  to  ascer- 
tain the  real  comparative  duty.  The  standard  adopted  was  212  degs.  Fahr. 
temperature  of  feed-water,  and  212  degs.  Fahr.  temperature  of  evaporation,  the 
corrections  being  made  by  the  following  formula  : — 

c  =  A  [  1,081-4  +  (  -305  +  t)  ]  -  (  t  -  32) 
L 
In  which  C  =  Corrected  duty, 
A  =  Apparent  duty, 
t  =  Temperature   of   evaporation  in  degs.   Fahr.  deduced  from    the 

average  steam  pressure,  and 
L  =  Latent  heat  of  steam  at  212  degs.  Fahr.  =  966  units. 
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i      corrected  duty  la  used  a~  the  proper  standard  of  com 

Thei  oombustlon  is  shown  per  square  foot  of  fire-  i  hour. 

The  oosl  of  evaporatlorj  of  1,000  jallonsof  water  Is  also  shown.    The  standard 
bemperatnre  of  the  watei         i     n  al    82  degrees   Fahr.,  and  the  quao 
corrected  accordingly.    The  relative  poi  I  oni  of  thi  are  shown  In  l 

Plate  I. 


IL— BXPBBl  KBNT8  I  POS  A   I.  vncasiiiiii;  BOTXBB,  EaKD-FIBBD,  ani>  Ki  i  i  10 
WITH    i  in-:  HeNDBBSON  M  kciian  h'.m.  StOKBB. 

The  first  Beries  of  tests  were  made  on  a  Lancashire  b<  iler  28  feet  Long  l 
inches  diameter.    Three  48  hour  teste  ide  by  hand-firing  with  rough  small 

coal,  and  two  with  duff  coal.    The  boiler  was  then  fitted  up  with  the  Henderson 
Patent    Mechanical   Stoker  and   Self-Cleaning  Bars,  and  a  corresponding  number 
of  tests  made  with  this  apparatus,  the  construction  of  which  is  set  forth  as  fol 
and  illustrated  in  Plate  II.: — 

I — Description  of  the  Henderson  Mechanical  Stoker. 

The  coals  are  thrown  on  to  the  lire  by  means  of  horizontal  circular  fans  revolving 
in  opposite  directions  towards  the  furnace.  The  fans  are  set  in  motion  by  frictional 
pulleys  attached  to  the  driving  shaft  running  under  the  fan  boxes,  at  the  end  of 
which  is  the  belt-pulley.      At  the  central  driving  shaft  is  a  wheel,  working  into  a 

worm-wheel  B,  attached  to  a  vertical  shaft  on  the  top  of  which  is  another  worm  A. 
which  drives  the  crashers  above  the  fans.     In  front  of  thesi  plate 

worked  by  a  hand-screw  from  the  outside  for  regulating  the  feed  of  fuel,  and  agaiosl 
which  any  Large  pieces  of  coal  are  broken  to  the  proper  -  going  on  to  the 

tire.  At  the  bottom  of  the  vertical  shaft  is  another  worm  ('.  and  wheel  for  working 
the  furnace  liars,  which  rest  on  a  rocker  or  cradle  of  very  simple  construction,  by 
which  means  half  the  bars  are  moved  up  and  down  vertically,  thus  breaking  up  the 
clinker  and  keeping  the  tire  open,  while  the  other  half  of  the  bars  travel  backwards 
and  forwards  horizontally,  taking  with  them  the  clinker  and  refuse  from  the  COS 
the  back  of  the  furnace,  where  they  are  deposited  over  the  back-end  of  the 
tire-bar-  into  the  combustion  chamber,  and  form  a  natural  bridge.  The  clinker  and 
refuse  are  taken  out  of  this  chamber,  when  cold,  by  opening  a  damper  door  at  the 
back-end  under  the  bars.  The  bars  in  each  furnace  can  be  thrown  out  of  gear  at 
will  by  means  of  a  thumbscrew  attached  to  the  crank  in  front.  By  means  of  a 
clutch  the  bars  can  be  disconnected  entirely  from  the  machine,  and  the  liars  only 
left  world ng.  The  fire-doors  axe  so  constructed  that  hand-firing  can  be  carried  on 
when  necessary,  which  is  wry  useful  in  the  case  of  anything  going  wrong  with  the 
machinery  :  the  fires  are  then  still  self-cleaned,  while  the  boiler  need  not  be  laid  off, 
nor  the  boiler  power  at  all  interfered  with. 

II — Increased  Duty  and  Saving  of  J 

On  comparing  the  results  of  mechanical  stoking  with  those  of  hand-tiring  when 
using  the  same  kind  of  fuel,  there  is  an  increase  of  duty  of  33-3  per  cent.,  with  a 
diminution  of  cost  of  evaporation  of  -'."  per  cent,  when  small  coal  was  used.  When 
duff  coal  was  used  the  duty  was  increased  S5'9  per  cent,  by  mechanical  stoking, 
while  the  cost  of  evaporation  was  diminished  24*5  per  cent. 

Again,  comparing  hand-firing  with  small  coal  with  mechanical  stoking  with 
duff  coal,  the  duty  is  increased  23:2  per  cent.,  and  the  cost  of  evaporation  is 
diminished  52*4  per  cent.;   the  cost  of  fuel  being  1-.  6d.  per  ton  less. 
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The  cost  of  fuel  per  boiler  per  annum,  based  on  these  results,  can  now  be  calcu- 
lated. The  year  may  be  assumed  at  300  working  days,  which  is  a  pretty  close 
approximation  to  actual  practice  ;  and  the  average  evaporation  under  mechanical 
firing  is  taken  as  the  basis  : — 


Fuel. 

Annual  cost  of  Fuel  per  Boiler. 

Saving. 

Band-firing.          (    Mechanical  Stoker. 

Small  at  3s.  6d.  per  ton  . . . 
Duff  at  2s.  0d.  per  ton     ... 

£       s.      d. 
360     3     2 

245  16     0 

£       s.    d. 

277     8     5 

185  13     1 

£       s.    d. 
82  14     9 

60     2   11 

The  annual  saving  of  fuel  per  boiler,  when  small  coal  is  used,  is  thus  £82  14s.  9d., 
or  about  90  per  cent,  per  annum  on  the  cost  of  the  apparatus.  If,  however,  hand- 
firing  with  small  coal  is  compared  with  mechanical  firing  with  duff  coal,  the  saving 
is  much  greater,  and  amounts  to  £174  10s.  Id.  per  annum. 

III. — Experiment  with  the  Henderson.  Fire-bars.  Hand -fired. 

To  determine  in  what  degree  each  part  of  the  mechanical  stoker  contributed  to 
the  remarkable  increase  of  duty,  a  test  was  made  on  the  Lancashire  boiler  with  the 
Henderson  movable  bars  only,  the  coal  being  stoked  by  hand.  The  results  were  as 
follow  : — 

Coal  burnt  (in  48  hours)        

Water  evaporated        ...         

Do.  per  hour 

Temperature  of  feed-water    ... 

,       Water  evaporated       ...         

Apparent  duty 

Corrected  duty  

Do. 
Coal  burnt  per  square  foot  of  grate  surface,  per  hour. 
Proportion  of  ashes 

Value  of  fuel    ...         

Cost  of  evaporating  1,000  gallons  of  water  at  62 

degs.  Fahr.  ...         ...         

It  thus  appears  that  the  increase  of  duty  due  to  the  bars  is  20  per  cent,  out  of 
the  33-3  per  cent,  increase  yielded  by  the  whole  apparatus.  Accounting  out  of  this 
20  per  cent,  for  the  proportion  gained  by  the  diminution  of  ashes,  the  useful  effect 
of  the  Henderson  mechanical  stoker  and  bars  may  be  thus  analysed 

Diminution  of  ashes  increases  duty 
Movable  furnace  bars 
Effect  of  mechanical  stoking 


23,772  lbs. 
17,873  gallons. 
370  gallons. 
132  degs.  Fahr. 
176,313  lbs. 
7-42  lbs. 
8-22  lbs. 

20  %  increase. 
19-61  lbs. 
8-1  per  cent. 
3s.  6d.  per  ton. 

2s.  l-4d. 


Per  Cent. 
6-0 

14-0 

133 


Total  effect  of  the  whole  apparatus 


33-3 


III.— Experiments  upon  Egg-ended  Boilers,  Covered  and  Uncovered, 

with  two  Arrangements  of  Bridges  and  Flues,  and  fitted 

with  the  Juckes  Fire. 

The  next  series  of  evaporative  tests  were  made  in  a  range  of  egg-ended  boilers, 
worked  with  the  Juckes  Fire.  The  tests  were  made  upon  two  of  the  boilers,  viz., 
No.  5,  38  feet  loDg  by  6  feet  diameter,  and  No.  6,  28  feet  long  by  6  feet  diameter. 
In  No.  5  boiler  the  tests  were  made  with  the  boiler  covered  and  uncovered,  and  with 
a  new  arrangement  of  bridges  and  flues.  In  the  No.  6  boiler  the  tests  were  made 
with  the  boiler  covered. 

I 
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As  before  stated,  the  working  steam  pressure  was  85  lbs.  per  square  inch,  day 
and  night.  In  every  case  but  one  the  feed-water  was  maintained  at  a  constant 
temperature  of  210  degs.  Fahr.  by  the  use  of  the  exhaust  steam. 

The  proportion  of  ashes  obtained  in  these  tests  was  extraordinarily  large,  and  the 
circumstance  of  so  much  of  the  fuel  being  unburnt  accounts  for  the  comparatively 
low  rate  of  duty. 

Table  III.  contains  the  whole  of  the  tests  made  with  the  Juckes  Fires  on  No.  5 
and  No.  6  boilers,  with  the  results  calculated  from  them. 

Thus,  the  corrected  duty  is  4-85  lbs.  for  the  long  boiler,  and  4-82  lbs.  for  the 
short  boiler,  a  quite  insignificant  difference,  the  variation  in  the  proportion  of 
ashes  being  very  small ;  and  it  would  appear  that  within  certain  limits  the  com- 
parative length  of  a  cylindrical  boiler  has  no  influence  on  its  duty. 

I. — Results  of  Old  and  New  Arrangements  of  Bridges  and  Flues' 

The  No.  5  boiler  was  tested  first  with  the  old  arrangement  of  bridges  and  flues, 
and  then  with  a  new  adaptation.  These  two  arrangements  are  shown  in  Figs. 
1,  2.  3,  4,  5,  and  6,  Plate  III. 

The  effect  of  the  new  adaptation  on  the  effective  duty  is  easily  shown.  With 
the  boiler  uncovered,  the  respective  corrected  duties  are — old  plan,  4-64  lbs. ;  new 
plan,  4-77  lbs.  ;  with  the  covered  boiler,  4-85  lbs.  and  4-90  lbs.  respectively.  At  first 
sight  the  difference  would  seem  to  be  insignificant.  But  when  we  take  into 
account  the  differences  in  the  respective  proportions  of  ashes,  and  eliminate  these 
factors,  the  theoretical  duties  will  stand  as  follows  : — Boiler  uncovered,  old  plan, 
7-69  ;  new  plan,  8-62  ;  increase,  12~6  per  cent.  Boiler  covered,  old  plan,  7-06  ;  new 
plan,  8"40.     Increase,  19-0  per  cent. 

The  mean  nf  these  increments  may.  therefore,  be  taken  as  a  fair  representation 
of  the  improved  useful  effect  by  the  adoption  of  the  new  flues  and  bridges,  and 
the  gain  per  cent,  may  be  estimated  at  [(12-6  +  19"0)  ■*■  2  =]  15-8  per  cent. 

There  is  frequent  occasion  to  take  into  account  differences  in  the  proportion  of 
ashes,  and  to  eliminate  that  varying  factor  in  order  to  arrive  at  any  trustworthy 
comparison. 

In  these  cases  a  theoretical  or  adjusted  duty  is  deduced  from  the  corrected  duty 
as  follows  : — 

D1  =  Adjusted  or  theoretical  dutv  =  — — 

J  *         100— p 

In  which  D  =  Corrected  duty,  and  p  =  Percentage  of  ashes. 

II. — Results  of  Covered  and  Uncovered  Boiler. 

Table  IV.  contains  the  comparative  results  of  a  series  of  tests  on  No.  5  boiler, 
covered  and  uncovered. 

The  boiler  was.  of  course,  only  covered  on  the  portion  exposed  above  the 
masonry,  not  much  more  than  one-third  of  the  total  surface.  The  gain  from  the 
use  of  this  non-conducting  covering  is  represented  by  an  increase  of  4-1  per  cent, 
of  the  corrected  dutv.  When,  however,  the  proportion  of  ■  -  -  -  taken  into 
account,  and  the  adjusted  duties  compared,  the  41  per  cent,  completely  disappears, 
and  is  replaced  by  a  decrease  of  7-3  per  cent.,  a  result  which  is  absurd. 

This  discordance  may  be  accounted  for  by  the  fact  that  in  the  first  tw<.  tests 
made  on  No.  5  boiler  the  quantity  of  ashes  had  nut  been  observed,  anil  the 
quantity  in  No.  3  test  (31*3  per  cent.)  is  assumed  as  the  average  of  No-,  l.  2.  and 
3.  which  assumption  is  very  probably  erroneous. 

An  endeavour  must,  therefore,  be  made  to  find  sunie  means  of  checking  the 
accuracy  of  the  comparisons,  and  fortunately  such  a  method  is  available. 
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The  researches  of  Dulong  enable  one  to  find  the  amount  of  heat  given  off  from  a 
surface  at  a  higher  temperature  than  the  surrounding  medium,  when  their  respec- 
tive temperatures  are  known.  This  is  divided  into  heat  lost  by  radiation  and  heat 
lost  by  contact  of  air. 

For  small  differences  of  temperature  between  the  radiating  substance  and  the 
absorbent  medium,  the  loss  of  heat  by  radiation  is  simply  proportional  to  the 
difference  in  temperature,  but  at  higher  temperatures  and  for  greater  differences  the 
loss  of  heat  is  much  greater,  following  a  complicated  law  represented  by  Dulong's 
equation : — 

124-72  x   1-0077*  x  (1-0077T  —  1) 

i"  =    ™ 

T 

when  t  =  temperature  (centigrade  degrees)  of  absorbent, 

T  =  excess  temperature  of  radiating  body  (centigrade  degrees), 

r  =  ratio  of  loss  of  heat  under  the  given  temperatures. 

The  loss  of  heat  by  radiation  is  also  dependent  on  the  nature  of  the  radiating 
substance,  different  surfaces  giving  very  different  results.  1  hese  have  been 
determined  by  experiment  for  a  great  number  of  substances.  R  is  the  number  of 
units  of  heat  emitted  per  square  foot  per  hour,  for  a  difference  in  temperature  of 
1  deg.  Fahr.  The  total  loss  of  heat  by  radiation  is,  therefore,  R  x  I)  x  ?-,  when 
D  =  difference  in  temperatures  of  radiant  and  absorbent. 

The  loss  of  heat  by  contact  of  air  is  independent  of  the  nature  of  the  substance, 
but  the  form  of  the  body  affects  the  result  considerably.  In  the  case  of  a  hori- 
zontal cylinder,  if  A  =  loss  in  units  per  square  foot  of  surface  per  hour,  for  a  differ- 
ence of  1  deg.  Fahr.,  and  r  —  radius  of  the  cylinder  in  inches, 

A  =  -421+(-307-fr). 

The  heat  lost  by  air-contact  increases  more  rapidly  than   the  simple  ratio   of 

excess  of  temperature,  and  is  found  by  the  formula  : — 

•552  x  t a"233 
,.i=  . _ , 

when  t  =  difference  of  temperatures  (centigrade  degrees),  and  /-1  =  ratio  of  loss  of 
heat  with  that  difference. 

The  total  loss  of  heat  by  air-contact  is  thus  =  A  x  D  x  r1,  when  D  =  difference  of 
temperatures  between  substance  and  air. 

III. — Temperatures  of  Boiler  and  Covering. 

The  first  series  of  temperature  observations  were  taken  to  check  the  six  tests 
(uncovered  and  covered)  of  No.  5  boiler  with  the  old  bridges  and  flues,  and 
averaged  as  follows  : — 

Degs.  Fahr. 
Temperature — Uncovered  boiler  surface  ...         ...     275 

„  Covered  boiler  surface 106 

Temperature  of  air  ...       73 

Using  the  above  formula  the  total  loss  of  heat  per  square  foot  per  hour  is — 

UiitF. 

Uncovered  boiler         414-00 

Covered  boiler ■         45*18 

and  multiplying  by  the  respective  superficies  the  total  loss  per  hour  is— 

Units. 

Uncovered  boiler         110.289-60 

Covered  boiler 13,192-56 


Difference  =   97,097-04. 
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Pot  the  whole  18  boon  the  beat  losa  would  be 

97,097  x  48  -  1,660,668*88  rn 

With  a  feed-water  temperature  of  210  dege.  and  steam  pressure  of  86  lbs.,  the 
total  beal  of  the  steam  (from  210  dege.)      988*7  degs.  Fahr.,  and  *8  •+■ 

988*7  =  4,71")  His.  of  water  evaporated,  equivalent  to  lose  of  beal  for  18  bonra 

The  water  evaporated  per  48  hoars  on  the  average  "f  the  three  earlier  b 
the  uncovered  boilers,  was  ...        ...        ...        ...        ...        ...     =  64,781  lbs. 

Add  Loss        4,718    ., 


Then  average  water  evaporation  in  covered  boiler      ...         ...         ...     ■■  69,446    .. 

Coal  consumption =14,292  Lbs.,  and  69,446+14,292=4-86  Lbs.  deduced  ooi 
duty  for  covered  J<< >iler,  compared  with   1*86  Lbs.  corrected  duty  For  covered  boiler 

observed,  or  4*7  percent,  increase  over  corrected  duty  of  uncovered  boiler. 

The  next  series  "f  temperature  observations  were  made  to  check  the  two  teste 
(uncovered  and  covered)  made  on  October  1st  and  November  7th,  1888. 

The  average  temperatures  observed  were  : — 

Degs.  Fahr. 

Uncovered  boiler — Temperature  of  surface 280 

„  Temperature  of  air         ...         ...  54 

Covered  boiler — Temperature  of  surface      ...         ...  (J1 

„  Temperature  of  air ...         ...         ...  48 

Working  from  these  figures  as  previously,  the  corrected  duty  in  the  uncovered  boiler 
of  4-77  lbs.  is  increased  to  490  lbs.  in  the  covered  boiler,  or  2'7  per  cent,  increase. 

Referring  to  Table  IV.,  the  observed  corrected  duty  shows  an  increase  of  41  per 
cent,  when  the  boiler  is  covered;  and  checking  the  comparison  by  Dulong's  method, 
the  increase  of  duty  is  found  to  be  4-7  per  cent,  increase  from  one  set  of  observa- 
tions, compared  with  2*7  per  cent,  with  a  second  series;  making  an  average  of  3-7  per 
cent,  increase,  which  corresponds  very  nearly  with  the  41  per  cent,  increase 
observed. 

This  is,  therefore,  a  satisfactory  confirmation  of  the  accuracy  of  the  compara- 
tive tests,  so  far  as  the  corrected  duty  is  concerned,  and,  doubtless,  had  the 
proportion  of  ashes  been  observed  in  the  first  two  tests,  the  comparison  would  have 
remained  unaffected  as  regards  the  theoretical  duties. 


IV. — Further  Experiments  upon  ax  Egg-ended  Boiler,  with  New 
Arraxgemext  of  Bridges  axd  Flues,  axd  Haxd-Fired.    (Plate  III.) 

Another  series  of  tests  was  made  with  an  egg-ended  boiler  41  feet  long  by  6  feet 
diameter,  with  hand-firing,  which  had  just  been  fitted  with  the  new  arrangement  of 
bridges  and  flues.  The  results  obtained  (see  Table  V.)  were  remarkably  good,  the 
corrected  duty  on  the  average  of  three  tests  being  6-07  lbs.  It  will  be  noted  that 
the  proportion  of  ashes  is  much  less  than  in  the  csise  of  the  Juckes  Patent  Fins. 
namely.  17  per  cent,  as  compared  with  over  30  per  cent. 

Comparing  the  respective  averages  of  three  tests  with  long  boilers  by  hand- 
firing  and  the  Juckes  Fires,  the  corrected  duties  for  the  Juckes  Patent  Fires  is  4-85 
lbs.,  with  31*3  per  cent,  of  ash,  and  for  hand-firing  6*07  lbs.,  with  17*0  percent,  of  ash. 
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Calculating  the  respective  theoretical  duties  they  come  out :  Juckes  Patent  Fires, 
7-06  lbs. ;  hand-firing,  7*31  lbs. ;  and  thus  the  patent  fires  seem  to  show  positively 
worse  results  than  hand-firing.  It  must  be  remembered,  however,  that  the  hand- 
firing  tests  were  made  with  the  new  arrangement  of  bridges  and  flues  which,  as 
shown  previously,  are  equal  to  a  gain  of  15*8  per  cent.  Deducting  this  proportion 
from  the  hand-firing  figures,  the  comparative  theoretical  duties  with  old  flues  and 


TABLE  V.    • 

New  arrangement  of  Bridges  and  Fmtes. 

EGG-ENDED  EOILER  (BEESWING) 

41   FEKT  LONG  BY  6   FEET 

DIAMEl'EH,  AND   HAXD-1  IRED. 

No.  1. 
July  26-28. 

No.  2. 
July  31-Aug.  2. 

No.  3. 
Aug.  6-8. 

Average 

Coal  burnt           

lbs. 

22,148 

21,280 

21,700 

21,709 

"Water  evaporated 

gals. 

13,913 

12,924 

13,345 

13,394 

Po.           per  hour. 

gals. 

290 

269 

278 

279 

Temp,  of  feed- water  (av.) 

degs.F 

210 

210 

210 

210 

Water  evaporated 

lbs. 

133,659 

124,158 

128,203 

128,673 

Apparent  duty 

lbs. 

6-03 

5-83 

5-91 

5-93 

Corrected  duty 

lbs. 

618 

5-97 

6-05 

6  07 

Coal  burnt  per  sq.  foot  of 
grate  surface  per  hour  . . 

lbs. 

17-09 

16  42 

16-74 

16-75 

Proportion  of  ashes 

% 

17-0 

15-5 

18  6 

17-0 

Value  of  fuel  per  ton   ... 

s.  d. 

3/6 

3/6 

3/6 

3/6 

Cost  of  evaporating  1,000 
gallons  of  water  at  62°  F. 

s.  d. 

2/7-2 

2/8-3 

2/7-9 

2/7-8 

bridges  are:  Juckes  Fire*,  7*06  lbs.;  hand-firing,  6*31 :  an  apparent  advantage  of 
1T9  per  cent,  in  favour  of  the  Juckes  Fires. 

It  may.  therefore,  be  concluded  that  the  use  of  the  Juckes  Fires  affords  a  theoreti- 
cal increase  of  duty  of  about  12  per  cent.,  which  in  practice  is  mo?-e  than  counter- 
balanced by  the  increase  in  the  proportion  of  unburnt  fuel. 


V. — Experiments  upon  a  Lancashire  Boiler,  as  to  the  Effect  of  Boiler 
Scale  upon  the  Duty. 

The  next  series  of  observations  made  referred  to  the  effect  of  scale  in  a  boiler  in 
diminishing  the  duty  of  the  fuel. 

No.  21  Lancashire  boiler  was  selected  for  making  the  comparison.  Like  the 
others  in  the  range  it  was  28  feet  long  by  7  feet  6  inches  diameter.  The  inside 
was  cleaned  as  perfectly  as  possible  before  the  first  48  hours'  test  was  made,  after 
which  the  boiler  was  under  steam  about  seven  weeks.  By  this  time  a  scale  of  ^ 
inch  in  thickness  had  accumulated  in  the  boiler,  and  the  second  48  hours'  test  was 
made.     Table  VI.  shows  the  comparative  results  of  the  two  tests. 


:■-• 
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TABLK 

VI. 

[RE    1  '*  >  1 1  K  K. 

Ot    1 

Bon. i- it. 

1)1  It  1  V 

BOIL  KB. 

OOKFAB 

April  1   1 

l!ay:!-23,18H9. 

+  °7o 

O/ 

—  10 

Coal  burnt            

lbs. 

25,984  " 

22,848 

12-1 

Water  evaporated         

gals. 

18,860 

L6.100 

l'.l'.l 

Do.                 per  boor 

gals. 

393 

315 

199 

Temi>.  of  feed-water  (average) 

degs.F 

121 

115 

Water  evaporated          

U.S. 

188,472 

149,602 

19  8 

Apparent  duty 

lbs. 

7-18 

6-64 

8-9 

Corrected  duty    ..          

lbs. 

8-04 

7  •:'■«; 

8-5 

Theoretical  or  adjusted  duty 

lbs. 

9  23 

9-09 

L-S 

Goal    burnt  per    square    foot    of  fire 
grate  surface  per  hour           

lbs. 

21-44 

18-85 

121 

Proportion  of  ashes        

°/o 

12-9 

191 

Value  of  fuel  per  ton 

s>  d. 

3/0 

3/6 

...     |     ... 

Cost  of  evaporating  1,000  gallons    of 
water,  at  62  degs.  Fahr 

s.  d. 

2/2-1 

2/4-6 

»«     ... 

This  comparison  has  been  complicated  by  the  variation  in  the  amount  of  ashes. 

The  dirty  boiler  shows  a  falling  off  in  corrected  duty  of  85  per  cent.,  but  when 
the  respective  proportions  of  ash  are  taken  into  account  the  difference  is  reduced  to 
1*6  per  cent.,  which  ia  all  that  can  be  attributed  to  the  act  ion  of  one-Hxteenth  of  an 
inch  of  boiler  scale. 


VI. 


-Experiments  upon  a  Lancashire  Boiler,  with  Ordinary  and  Checker 
Fire-Brick  Bridges. 


A  further  series  of  tests  were  made  on  No.  23  Lancashire  boiler  to  determine  the 
effect  of  checker  fire-brick  work  in  the  place  of  bridges.  Two  experimental  arrange- 
ments of  brickwork  were  made  as  shown  in  Figs.  2  and  3,  Plate  I. 

A  48  hours'  test  with  hand-firing,  and  the  ordinary  bridge  was  made  on  the  No. 
23  boiler,  beginning  May  1st.  1889,  after  which  the  arrangements  in  Figs.  2  and  3 
were  successively  tested  with  the  results  contained  in  Table  VII. 

The  fixing  of  the  No.  1  bridge,  Fig.  2,  diminished  the  evaporation  by  60  gallons  an 
hour,  but  the  saving  in  fuel  was  more  than  proportionate.  The  adjusted  duties  are  9  35 
lbs.  with  the  ordinary  bridge,  or  982  lbs.  with  the  No.  1  new  bridge,  an  increase  of 
5  percent.  At  the  same  time,  desirable  as  the  5  per  cent,  increase  in  duty  might 
be,  arj  accompanying  disadvantage  was  the  fall  in  evaporative  power  of  the  boiler 
from  347  gallons  per  hour  to  287  gallons  per  hour,  a  loss  of  17*3  per  cent. 

The  arrangement  in  Fig.  3  was  then  designed  with  the  object  of  securing  the 
.")  per  cent,  increase  of  duty,  while  avoiding  any  marked  loss  in  evaporative  power. 
The  comparison  of  the  tests  then  made  shows  that  the  theoretical  duties  are  9-35  lbs. 
in  the  old  bridge,  and  9-83  lbs.  in  the  No.  2  new  bridge,  the  increase  of  duty  being 
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No.  23  Lakcashire  Boiler, 
Hand-fired. 

Ordinary 
Bridge. 

No.  1  Bridge. 
(Fig.  2.) 

No.  2  Bridge. 
(Fig.  3.) 

May  1-3, 1889. 

May  8-10. 

May  14-16. 

Coal  burnt       

lbs. 

23,968 

18,592 

22,624 

Water  evaporated 

gals. 

16,772 

13,780 

15,964 

Do.                  per  hour 

gals. 

347 

287 

333 

Temp,  of  feed-water  (average) 

degs.  F. 

118 

113 

109 

Water  evaporated      

lbs. 

166,041 

136,592 

158,382 

Apparent  duty           

lbs. 

6-93 

7-35 

7-00 

Corrected  duty          

lbs. 

777 

8-28 

7-93 

Theoretical  or  adjusted  duty 

lbs. 

9-35 

9-82 

9  83 

Coal  burnt  per  square  foot  of  fire- 
grate surface  per  hour      

lbs. 

1513 

11-74 

14-28 

Proportion  of  ashes  ... 

% 

16-9 

15-7 

19-3 

Value  of  fuel  per  ton           

s.  d. 

3/6 

3/6 

3/6 

Cost  of  evaporating  1,000  gallons 
of  water  at  62  degs.  Fahr. 

s.  d. 

2/31 

2/1-5 

2/2-8 

Note.— Fire-grate  surface  in  No.  23  boiler  =  33  square  feet. 

5-1  per  cent.,  while  the  evaporation  of  347  gallons  per  hour  was  diminished  merely 
to  333  gallons  per  hour,  or  only  4  per  cent.  But  for  the  fact  that  in  the  test  with 
No.  2  new  bridge,  the  fuel  left  19-3  per  cent,  of  ash  as  compared  with  16-9  per  cent., 
probably  even  this  small  decrease  of  evaporation  would  not  have  occurred. 

It  may,  therefore,  be  taken  for  granted  that  an  arrangement  of  bridges  similar  to 
that  in  Fig.  3  with  Lancashire  boilers  will  increase  their  duties  5  per  cent,  without 
materially  affecting  their  evaporative  power. 


vii. — expebiments  upon  a  lancashire  boileb,  with  narrow  and  wide 
Spaces  between  the  Fire-Babs. 

Owing  to  the  employment  of  a  dirtier  coal  than  that  in  use  when  the  mechanical 
stokers  were  first  adopted,  it  was  found  that  the  work  got  out  of  each  boiler  was 
decreased  by  this  change  of  fuel.  It  was  determined  to  increase  the  air  spaces 
between  the  fire-bars,  and  they  were  enlarged  from  \  inch  to  \  inch  wide,  the  effect  of 
which  was  to  increase  the  fire-bar  air  space  from  3-2  to  6*4  square  feet  per  boiler. 

The  results  of  the  experiments  with  this  modification  are  contained  in  Table  VIII. 

It  will  be  observed  that  the  effect  of  changing  from  the  clean  to  the  dirty  coal 
(8"7  per  cent,  ash  to  22-2  per  cent.)  was  to  diminish  the  evaporative  efficiency  of  the 
boiler  from  405  to  366  gallons  of  water  per  hour,  or  from  64-8  H.P.  to  58'6  H.P.,  while 
the  air  spaces  between  the  fire-bars  remained  unchanged.  The  effect  of  increasing 
the  air  space  was  to  restore,  and  rather  more  than  restore,  the  evaporative  efficiency 
which  rose  to  411^  gallons,  or  65-8  H.P.  Nevertheless,  the  actual  economy  was  less 
than  with  the  other  tests,  as  may  be  seen  by  comparing  the  respective  duties. 
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4H    vi.    SVOH  M    BOILEBH     v  1    COLLIEBIE8. 


IAI1I.K    VIII. 


1     l.\\.  A8HIBI      BOlLRB    AMI     1  III 

UK.  i                                    '  IMi  Al.    >  lnM.U. 

Old  Teste. 

Aver.  ■ 

Dirty  ■ 

■v  Air 

Narrow  Ai. 

Air 

Space. 

<  loal  burnt           

lbs. 

28,269 

24,076 

29,176 

Water  evaporated 

g:tls. 

19  168 

17,670 

m,7.v. 

Do.                i>  i  hour     

105 

366 

41U 

Temp,  of  feed-water  (average) 

degs.  F. 

134 

100 

112 

Water  evaporated 

lbs. 

191,939 

174,644 

196. 

Apparent  duty   ...          

lbs. 

8-25 

6-99 

670 

Corrected  duty 

lbs. 

9-13 

7'99 

7*54 

Coal   burnt   per  square  foot  of  fire- 
grate surface  per  hour 

lbs. 

19  19 

20-61 

24  09 

Proportion  of  ashes      

o/o 

87 

222 

28-7 

Value  of  fuel  per  ton 

s.   d. 

3/6 

3/6 

Cost  of  evaporating  1,(00  gallons  of 
water  at  02  degs.  Fahr 

s.d. 

1/10-8 

2/2-8 

2/4-0 

Theoretical  or  adjusted  duty 

lbs. 

10-00 

10-26 

986 

The  dirty  coal  used  in  the  latter  portion  of  the  experiments  was  analysed  by  Mr. 
J.  Pattinson,  as  under  : — 

Carbon      


Hydrogen... 
Oxygen  ... 
Nitrogen  ... 
Sulphur  .., 
Ash 
Water 


Coke         

Volatile  matters... 


66-87 
4-07 
5  03 
1-32 
2-93 

17-28 
2-50 

1U0-00 

66-3 
33-7 


VIII.— analyses  of  Flue  Gases. 

During  the  progress  of  the  following  test,  samples  of  the  flue  gases  were  taken 
for  analysis  from  the  end  of  the  boiler  flue  just  before  it  debouches  into  the 
main  flue,  by  Professor  Bedson  ; — 
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Test  made  3rd  July,  1890. 

No.  21  Lancashire  Boiler.  Fitted  with  the  Henderson  Mechanical 

Stoker,  and  Fired  with  Rough  Small  Coal. 


Duration  of  test 

Coal  burnt    ...         

Water  evaporated  ... 

Do.  per  hour 

Temp,  of  feed- water  (average) 

Water  evaporated 

Apparent  duty         _ 

Corrected  dutv 


5  hours, 
3;024  lbs. 
2,120  gals. 
424  gals. 
105  degs. 
21,051  lbs. 
6-96  lbs. 
7-89  lbs. 


Fahr. 


Coal  burnt  per  square  foot  of  fire-grate  surface  per  hour    23  95 .  lbs. 

Proportion  of  ashes  25*9  per  cent. 

Theoretical  or  adjusted  duty        10-64  lbs. 

The  writers  are  indebted  to  Professor  Bedson  for  the  following  analyses  of  the 
flue  gases  taken  from  the  end  of  the  flue  in  No.  21  Lancashire  boiler,  fired  by  the 
Henderson  Patent  Mechanical  Stoker.  These  samples  were  taken  on  the  3rd  and 
11th  July  :— 

3rd  July,  1890. 
Temperature  at  point  whence  flue  gases  were  extracted,  520  degs.  Fahr. 


Designation  of  Sample. 

A. 

B. 

c 

D. 

When  Drawn  Off. 

12-30-12--14 

12-S0-1-5 

2-55-3-7 

3-18-3-32 

p.m. 

p.m. 

p.m. 

p.m. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Carbon  dioxide 

11-27 

10-58 

8-29 

7-91 

Carbon  monoxide  ■        

Combustible  gas 

Oxygen     

717 

8-20 

10  93 

11-47    ■ 

Nitrogen  ... 

Total     

81-56 

81-22 

8078 

80-62 

100-00 

100-00 

100-00 

100-00 

11th  July.  1890. 


Designation  of  Sample. 

A.. 

B, 

c»- 

D». 

E,. 

When  Drawn  Off. 

3-20-3-38 

3-45-4-0 

4-50-5  5 

5-18-5-35 

5-40-5-50 

p.m. 

p.m. 

p.m. 

p.m. 

p.m. 

Per  Cent. 

TerCent. 

Per  Cent. 

Per  Cent. 

PerCent. 

Carbon  dioxide 

579 

6*44 

6-30 

8*09 

5-67 

Carbon  monoxide  ... 

Combustible  gas    

Oxygen        

13-92 

12-99 

13-06 

11-12 

13-54 

Nitrogen      

Total            

Temp,  by  pyrometer  degs.  Fahr. 

80  29 

80-57 

80-64 

80-79 

80-79 

100-00 

100-00 

100-00 

100-00 

100-00 

440 

440 

420 

440 

440 

It  will  be  noted  that  the  carbon  dioxide  is  lower  in  proportion  on  the  11th  July 
than  on  the  3rd,  and  the  oxygen  correspondingly  in  excess.  The  temperatures,  in 
the  flues  were  also  less,  and  point  to  a  greater  quantity  of  air  passing.  On  both 
occasions  carbon  monoxide  and  other  combustible  gases  were  absent,  and  the 
combustion  of  the  boilers  is  practically  perfect. 
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lea  of  pyrometer  observations  were  made  In  the  flues  with  a  IlopkinBon 
pj  romi  -  t  be  following  results  : — 

Lancashire  Boiler  l-twiqe — 

End  of  flue.  -Hand-fired  boiler      190 

„  Bfechanioa]  stoking  ...        ...        400 

"Egg-Ended  Boilers    Juokei  Fin* — 

End  of  Hue.  No.  5  boiler,  88  feel  long  by  6  feet  diameter        878  and  886 
No.  6       „      28  „  6  „  ...  940 

Egg-Ended  Boilers.  -Hand-Fire 

End  of  flue,  boiler,  n  Eeet  Long  by  6  feel  diameter       ...        ...  780 

Another  Beries  of  observations  were  made  in  connection  with  a  Twibell's 
economizer,  which  is  fixed  in  the  main  rlue  of  the  Lancashire  boiler  range,  with 
the  following  results  : — 

Degs.  Fahr. 

Temperature  in  flue. — Entrance  to  economizer 500 

„  „        Exit  from  „  232 

Temperature  of  feed  water  in  pond  ...         ...  88 

„  „  after  passing  economizer     ...         ...  148 

In  this  case  the  feed  pump  (8  inches  by  12  inches)  was  going  9  strokes  per  minute, 
and  theoretically  pumping  2-18  gallons  per  stroke. 

A  similar  series  of  observations  gave : —  Degs.  Fahr. 

Temperature  in  flue. — Entrance  to  economizer 485 

„         Exit  from  „  244 

Temperature  of  feed-water  in  pond  ...         ...         ...         ...  68 

,,  „  economizer...         ...  141 

With  the  feed  pump  going  10  strokes  per  minute. 

.Many  other  most  interesting  experiments  might  be  suggested  in  connection 
with  boiler  firing,  but  the  writers  think  that  enough  has  been  described  for  a  paper 
of  reasonable  length.  In  commending  these  ascertained  results  to  the  members 
of  the  Institution,  they  would,  in  conclusion,  point  out  that  the  comparative  tests 
have  been  taken  under  practical  working  conditions,  and  for  sufficiently  long 
periods  of  time  to  eliminate  incidental  errors,  besides  which  all  disturbing  factors 
have  been  taken  into  consideration,  and  their  effect  discounted  so  as  to  arrive  at  a 
true  comparison. 


Mr.  STEAVENSON  said  he  had  only  one  suggestion  to  make  in  regard  to  the 
paper,  and  that  was  that  there  should  be  a  short  synopsis  or  abstract  prepared  so 
as  to  summarise  it. 

The  Chairman  said  they  were  all  obliged  to  the  authors  of  the  paper  for  bring- 
ing this  important  matter  before  them,  and  also  to  Mr.  Steavenson  for  reading  it. 
Unless  Mr.  Bird  had  anything  further  to  add,  the  paper  would  now  be  open  for 
discussion.  *■ 

Mi.  BlRD  said  he  had  nothing  further  to  add.  The  manuscript  which  Mr. 
Steavenson  had  read  was  only  compiled  a  few  days  ago,  and  the  paper  might, 
therefore,  be  considered  as  up  to  date. 
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The  Chairman  knew  that  Mr.  Bainbridge  had  had  considerable  experience 
with  various  systems  of  boilers,  perhaps  he  would  kindly  make  some  remarks  on 
the  subject  of  the  paper. 

Mr.  Bainbridge  submitted  that  it  seemed  rather  late  in  the  day  to  read  a 
paper  specially  referring  to  the  scope  for  economy  in  the  firing  of  cylindrical  boilers, 
as  these  were  now  only  used  on  a  small  scale ;  probably  nobody  who  had  put  boilers 
down  during  the  last  twenty  years  would  have  put  down  cylindrical  boilers,  and  it 
was  to  these  that  the  experiments  applied.  He  would  like  to  ask  Mr.  Bird,  in  regard 
to  the  cylindrical  boilers,  whether  he  found  much  difference  in  the  pyrometer  ex- 
periments after  putting  in  the  three  bridges ;  and  also  as  to  the  effect  of  raising  the 
bridge  itself  ?  It  also  seemed  to  him  that  the  authors  had  not  put  enough  stress  on 
what  appeared  to  be  one  of  the  most  important  points  in  the  paper.  In  his  (Mr.  Bain- 
bridge's)  experience  of  mechanical  firing,  a  class  of  coal  was  chiefly  used  containing 
some  15  per  cent,  of  dirt ;  some  of  the  coal  Mr.  Bird  mentioned  exceeded  that,  and 
he  thought  the  authors  might  have  extended  their  remarks  on  the  advantages 
of  mechanical  stoking  where  the  coal  produced  so  much  cinder  and  ash. 
With  regard  to  the  question  of  mechanical  firing,  too,  it  would  have  been 
interesting  to  learn  not  only  the  difference  between  hand-firing  and  the  Henderson 
system,  but  also  how  the  Henderson  system  compared  with  others.  It  was  rather 
odd  that  while  Messrs.  Armstrong  and  Bird  had  hit  upon  the  Henderson  as  being  the 
best  kind  in  the  North  of  England,  in  Lancashire  the  Tickers  was  looked  upon  as  the 
best,  and  in  Yorkshire  the  Proctor.  It  would  be  interesting  if  experiments  could 
be  made  to  test  relatively  the  merits  of  the  three.  He  was  led  to  believe  from 
the  description  of  the  Henderson  that  it  came  under  the  same  category  as  the  Proctor. 
In  the  case  of  the  Tickers  stoker  the  coal  was  thrown  close  to  the  fire  doors,  and  by 
becoming  coked  the  tendency  to  smokelessness  was  much  more  marked  than  in 
the  Proctor  and  Henderson.  The  process  mentioned  in  Figs.  2  and  3,  Plate  I,  of 
trying  to  improve  the  economy  of  Lancashire  boilers  was,  of  course,  by  no  means  a 
new  idea ;  the  effect  of  No.  2  process  carried  out  the  same  idea  as  that  of  Mr. 
Gosling,  an  engineer  who  brought  out  an  economizer  some  years  ago,  consisting  of 
discs  of  fire-clay  placed  within  the  tube,  of  about  half  the  diameter  of  the  tube  itself, 
but  these  fire-clay  discs  were  so  easily  worn  away  that  they  were  replaced  by  metal 
ones.  The  Gaslight  and  Coke  Co.  of  London  had  a  large  number  of  boilers  fitted  with 
this  process,  effecting  a  saving  of  some  15  or  20  per  cent.  The  pyrometer  test  at  490 
degs.  did  not  strike  him  as  being  quite  satisfactory,  as  with  a  boiler  thoroughly 
well  arranged  the  temperature  of  the  gases  as  they  left  the  main  flue  should  not 
exceed  350  to  400  degs.  One  mode  of  setting  boilers  had  not  been  mentioned, 
viz. :  making  the  outside  flue  larger  in  area,  and  raising  the  side  flue  curve 
of  fire-brick  slightly  above  the  level  of  the  water,  the  effect  being  a  very 
marked  economy  of  fuel.  It  was  difficult  to  discuss  the  large  number  of  figures 
read ;  but  he  gathered  from  the  paper  that  the  Juckes  gave  about  the  same  result  as 
hand-firing,  and  the  Henderson  mechanical  stoker  much  better  results. 

Mr.  A.  L.  Steavenson  said  his  experience  in  testing  boilers  twenty  years  ago 
was  with  the  Juckes  fire-bars  and  with  common  hand-firing,  and  he  thought  the 
results  were  that,  so  far  as  economy  went,  there  was  very  little  in  it,  but  there 
was  considerable  saving  in  manual  labour.  The  coals  were  teemed  down  a 
long  spout,  and  the  labour  was  reduced  to  almost  nothing ;  but  the  differ- 
ence in  evaporation  was  difficult  to  detect.  He  hoped  Mr.  Bird — who  was 
about  to  take  a  distant  flight — was  only  leaving  them  for  a  time  ;  but,  he  trusted, 
that  while  he  was  away  he  would  not  forget  his  friends  here,  but  would  send  them 
any  notes  he  could,  and  he  (Mr.  Steavenson)  would  only  be  too  glad  to  read  them 
for  him. 
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Thef'11  libmak  said  he  could  speak  to  the  merits  of  the  Jucl  a  'he  reduced 

boiler  repairs  and  saving  ol  labour.    With  band-firing,  constantly  op 
and  exposing  the  fronl  of  the  boilers  to  various  temperatures  we 
which  by  the  use  of  this  system  were  mncb  reduced,  and  entire 

prevention  of  the  Bmoke  which  occurred  with  band-firing.  He  Instanoed  a  colliery, 
where,  owing  to  Its  being  within  the  limits  of  a  borough  11  became  a  difficulty  to 
carry  it  on,  bui  the  adoption  of  the  Juckes  furnaces  gave  entb  tion  to  the 

authoril  ies,  and  effected  considerable  economy,    Wli.  ich  a 

character  us  tobe  unsaleable,  as  was  1  in-  case  al  many  collieries  with  a  portion  of  their 
output,  he  did  no)  admit  thai  the  cylindrical  boiler  was  out  of  date.  Its  low  first 
cosl  and  the  facility  for  repairs  were  Btrong  recommendations.  The  more  costly  the 
boiler,  the  more  difficult  and  expensive  are  the  repairs.  It  becomes  a  question  of 
firs!  outlay  and  of  subsequent  expense,  as  well  as  economy  in  fuel,  in  which  bitter 
respecl  the  Lancashire  boiler  is  no  doubl  an  advance  upon  the  cylindrical,  but  it 
must,  he  thought,  give  way  to  the  type  of  tubular  boilers,  of  which thi  Bool  boiler  is 
an  example,  for  efficiency  and  economy  in  evaporative  power.  He  did  not  think 
t  he  authors  of  the  paper  intended  to  recommend  a  similar  boiler  plant  and  the  use 
of  duff,  or  small  or  dirty  coal,  if  they  wanted  the  greatest  efficiency,  the  r 
attained  in  pounds  of  water  evaporated  per  pound  of  coal  being  so  low  ;  but,  in 
regard  to  the  hest  utilisation  of  such  fuel  at  a  colliery  where  it  is  produced,  the 
record  of  these  experiments  is  extremely  valuable. 

Mr.  Bird  said  Mr.  Bainbridge's  int.  marks  were  prefaced  by  a  state- 

ment that  cylindrical  boilers  were  practically  out  of  date;  of  course,  lie  ag 
with  him  in  that.  Colliery  managers  were  not  going  to  put  down  cylindrical  boilers 
to  any  practical  extent  now;  but,  as  they  were  in  when  the  experiments  were  made 
for  the  Lancashire  boilers,  it  was  very  little  extra  trouble  to  include  them.  The 
pyrometer  observat  ions  were  very  incomplete.  The  pyrometer  was  only  procured 
during  the  last  week  or  two.  and  there  was  no  comparison  of  the  temperature  obser- 
vations available  betwreen  the  old  bridge  and  the  new,  the  pyrometer  being  got  after 
the  new  bridge  was  introduced.  The  abnormal  quantity  of  ash  shown  in  the  experi- 
ments with  the  Juckes  fires  was  due  solely  to  the  fact  of  so  much  coal  going 
through  unburnt,  and  not,  so  far  as  their  observations  showed,  to  any  actual  varia- 
tion in  the  quantity  of  ash.  The  analysis  of  the  fuel  showed  a  proportion  of  ash  of 
17^  per  cent,  in  the  rough  small  coal,  and  a  little  more  in  the  duff  coal,  whereas  the 
proportion  of  burnt  ash  in  the  experiment  with  the  Juckes  fires  rose  as  high  as  40  per 
cent.  He  quite  agreed  with  Mr.  Bainbridge  that,  in  considering  the  question  of 
mechanical  firing,  it  would  be  interesting  to  have  a  series  of  comparative  tests  made 
with  the  different  kinds  of  apparatus,  under  the  same  conditions ;  but  that  was  not 
available  at  Wingate  Colliery,  the  Henderson  being  the  only  one  on  the  premises, 
unless  the  Juckes  apparatus  could  be  considered  a  mechanical  firer  also.  Practically, 
the  Juckes  firing  seemed  to  give  the  same  results  as  hand-tiring  on  the  boilers  :  but 
had  the  tiring  been  done  with  cleaner  coal — with  less  ash — he  believed  the  Juckes  fires 
would  have  shown  the  full  advantage  of  12  per  cent,  which  had  been  worked  out 
theoretically  in  the  paper;  and  there  was  no  doubt  that  the  life  of  the  boilers 
under  the  Juckes  fires  would  be  much  longer  than  under  hand-firing,  for  very  obvious 
reasons.  Mr.  Steavenson  very  truly  pointed  out  that  the  advantage  of  the  Juckes 
system  over  hand-firing  was  in  the  less  labour  required — a  less  number  of  firemen 
could  attend  to  the  same  range  of  boilers.  But  when  the  percentage  of  ash  or  un- 
burnt fuel  increased  to  so  great  an  extent,  and  rose  to  such  figures  as  they  found  at 
Wingate.  and  where  that  ash  had  to  be  moved  any  considerable  distance  away,  the 
increased  labour  in  removing  the  ash  neutralised  the  diminished  labour  in  firing. 
As  Mr.  Cochrane  said,  even  the  Lancashire  boiler,  though  giving  a  higher  duty  than 
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the  cylindrical,  was  going  out  of  date,  and  the  Roots  might  be  destined  in  the  long 
run  to  supersede  it.  Yet  before  they  reached  that  Utopian  future  they  would,  he 
thought,  have  to  very  considerably  modify  the  quablty  of  water  used  in  colliery 
boilers.  Generally  speaking,  the  experiments  had  been,  as  Mr.  Cochrane  remarked, 
for  the  practical  adoption  of  inferior  fuel  and  consequent  very  obvious  economy. 
He  was  obliged  for  Mr.  Steavenson's  kind  offer  to  read  any  memoranda  he  might 
send  home  from  Persia,  and  he  could  only  assure  him  that  he  would  take  advantage 
of  it  at  the  earliest  opportunity. 

The  Chairman  said  they  would  accord  a  vote  of  thanks  to  Mr.  Bird  and  Mr. 
Armstrong  for  their  paper,  which  would  be  printed,  and  open  for  discussion  at  a 
future  date.  He  thanked  the  members  for  their  attendance ;  he  was  sorry  there 
were  so  few  present,  but  he  supposed  this  was  due  to  the  lack  of  information  as  to 
the  kind  of  meeting  this  was  intended  to  be.  They  could  only  by  large  attendances 
make  the  meetings  successful.  Nottingham  had  been  fixed  for  the  next  meeting, 
on  the  24th  and  25th  of  September,  and  they  hoped  to  have  such  a  programme 
for  that  meeting  as  would  satisfy  the  most  exacting  of  their  members. 


EDISOX  PHONOGRAPH. 

Through  the  kindness  of  Mr.  C.  R.  Johnstone  of  the  Edison  United  Phonograph 
Company,  the  members  were  given  a  private  representation  of  the  many  uses  of  the 
phonograph. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


ANNUAL  GENERAL  MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

on  Saturday,  August  2nd,  1890. 


Mr.  William  Cochrane,  Vice-President,  in  the  Chair. 


The  Chairman  said  he  was  very  sorry  that  the  President  still  remained  too  unwell 
to  attend  this  meeting.  In  a  letter  he  had  that  morning  received  from  Mr.  Marley 
he  was  asked  to  express  that  gentleman's  regret  at  being  unable  to  attend  on  the 
occasion  of  his  retiring  from  the  chair,  and  to  thank  the  members  for  the  manner  in 
which  they  had  supported  him  in  it ;  when  Mr.  Marley  was  able  to  come  among 
them  again  he  would  possibly  address  them  further.  In  the  meantime,  they  would  all 
regret  the  illness  which  had  prevented  him  from  continuing  the  work  which  he  had  so 
earnestly  and  zealously  done  during  the  time  he  had  been  their  President.  They 
would  all  agree  in  expressing  sympathy  with  Mr.  Marley  in  his  illness,  and  in 
hoping  that  he  would  soon  be  perfectly  restored.  It  was  a  pleasure  to  hear  from 
the  Secretary  that  Mr.  Marley  (whom  he  had  seen  the  previous  day)  was  much 
better,  and  that  there  was  a  prospect  of  his  resuming  active  work  in  a  short  time. 
With  the  indulgence  of  the  meeting  he  (Mr.  Cochrane)  would  do  what  he  could 
to  conduct  the  business  in  the  President's  absence. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  following  gentlemen  were  declared  elected  in  accordance  with  the  rules 
of  the  Institute  : — 

Member — 

Mr.  J.  R.  M.  Robertson,  M.D.,  F.G.S.,  Mining  Engineer,  Linton,  Mitson's  Point 
Sydney. 

Associates — 

Mr.  Edward   Taylor   Cheesman,  Colliery  Manager,    Blaydon  Main  Colliery, 

Blaydon-on-Tyne. 
Mr.  Thomas  Rontree,  Colliery  Manager,  Harton  Colliery,  South  Shields. 

K 


PB00EKD1 

The  folio*  nominated  for  election  : 

\!  i.\i  i-.i  B 

\|  i    ■  wiford,  Colliery  Viewer,  Witton  Park,  Darlington. 

Sir.  G.  \.  Engineer,  Dresden,  Loi  3     ffordshire. 

Mr.  William  Ryder  Stobart,  Mining  Engin         I  Darlington. 

Mr.  Dhomas  Watson,  Mining  Engineer,  Trimdon  Colliery,  Trimdon  Orange. 

ASSOCIATE    M  EMBEB— 
Mr.  \Vr.  Cochran  Carr,  Coal  Owner,  Benwell  Colliery,  Newcastle-upo 

Assoc] \ ; 
Mr.  Thomas  Clark,  Under- Manager,  Dipton  Colliery,  Lints  Green. 

dent — 
Mr.  G,  M.  Andrews,  Mining  Student,  Broomhill  Colliery. 


The  Chairman  then  appointed  Messrs.  A.  L.  Steavenson,  T.  O.  Robson,  R. 
Thompson,  and  R.  L.  Weeks,  to  acl  as  Scrutineers  of  the  ballot  papers  for  the  election 
of  officers  for  the  ensuing  year. 


The  Secretary  read  the  annual  report  of  the  Council  and  Finance  Committee, 
as  follows : — 
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THE  COUNCIL'S  ANNUAL  KEPORT. 

The  past  year  has  been  an  eventful  one  in  the  history  of  the  Institute,  inasmuch 
as  it  has  been  worked  under  a  new  set  of  rules,  and  for  the  first  time  in  close  con- 
nection with  other  Institutes  of  a  kindred  nature  under  the  Federated  Institution  of 
Mining  Engineers'  scheme. 

It  is  too  soon  yet  to  fully  appreciate  the  results  due  to  these  changes,  but  so  far 
as  they  can  judge  the  Council  see  no  reason  to  doubt  the  wisdom  of  the  steps  which 
led  to  them. 

Fifty-two  new  members  of  all  classes  have  joined  the  Institute  since  the  last 
annual  meeting,  and  9  have  resigned.  During  the  same  period  there  has  been  a 
loss  by  death  of  13  members,  including,  the  Council  deeply  regret  to  say,  some  of  the 
best  known  names  connected  with  mining,  such  as  Mr.  E.  F.  Boyd,  Mr.  W.  Crawford, 
M.P.,  Mr.  R.  Forster,  Mr.  T.  G.  Hurst,  and  Sir  Warington  W.  Smyth. 

With  Volume  XXXVIII.  of  the  Transactions  the  Institute  closes  a  publication  the 
value  of  which — from  a  professional  point  of  view — is  now  too  well  established  to 
be  dwelt  upon.  In  place  of  these  Transactions  members  are  now  receiving,  withouJ 
extra  payment,  the  Proceedings  of  the  Federated  Institution  of  Mining  Engineers — 
in  other  words,  the  papers  and  discussions  of  this  Institute  plus  those  of  the 
Chesterfield,  Midland,  and  South  Staffordshire  Institutes. 

Certain  special  publications  have  been  issued  to  your  members,  unconnected  with 
the  Proceedings  of  the  Federated  Institution  of  Mining  Engineers,  such  as  the 
"  Borings  and  Sinkings,"  now  nearly  completed,  Abstracts  of  Foreign  Papers, 
which  it  is  intended  to  issue  quarterly,  and  the  reports  of  certain  committees  to  be 
referred  to  presently,  etc. 

In  September,  a  ten  days'  visit  to  the  Belgian  Coal-field  and  to  the  Paris  Ex- 
hibition took  place,  and  much  kindness  was  experienced  by  the  members  at  the 
hands  of  the  Belgian  coal  owners  and  engineers.  In  January,  the  first  General 
Meeting  of  the  Federated  Institution  brought  a  large  number  of  members  together 
at  Sheffield,  where  they  were  extremely  well  received  by  the  Mayor,  Master  Cutler, 
and  by  their  brother  engineers  of  the  Midlands,  many  of  whose  works  and  collieries 
were  inspected.  The  next  meeting  of  the  Federated  Institution  was  held  in  London, 
in  April,  in  the  rooms  of  the  Institution  of  Civil  Engineers,  and  the  Royal  Mint  and 
Thames  Subway  were  visited.  The  third  meeting  was  held  in  Edinburgh,  where 
the  Exhibition  was  the  principal  attraction. 

The  Fan  Committee,  in  which  the  North  of  England  Institute  is  united  with  the 
South  Wales  and  Midland  Institutes,  has  carried  on  its  work  regularly  since  the 
date  of  the  last  Annual  Meeting,  and  its  report  is  being  prepared  for  the  press. 
The  Explosives  Committee  has  also  been  hard  at  work,  preparing  plans,  estimates, 
etc.,  and  in  connection  with  it,  the  translation  of  a  valuable  Report  of  a  French 
Government  Commission  will  be  issued  to  the  members  in  a  few  days. 

The  Council  have  pleasure  in  stating  that  the  negotiations  with  the  Norrh- 
Eastern  Railway,  mentioned  in  their  last  report,  have  come  to  a  satisfactory 
termination.  The  Company  will  provide  an  entrance  in  Orchard  Street,  and 
a  broad  passage  lined  with  glazed  bricks  adjoining  the  basement  of  the  Wood 
Memorial  Hall. 

In  conclusion,  the  Council  feel  that  they  are  justified  in  congratulating  the 
members  upon  the  continued  and  increasing  prosperity  of  the  Institute. 


j-|  I'OI'M'I  I.  -      \NM     \l.     Kl.l'«.|:  I  . 


FINANCE    REPOBT. 

The  income  for  the  yeaf  L889-90  amounted  to  11,609  L4s.  2d.,  hdngadeoreaMon 
thai  for  the  previous  year  of  6801  7-.  5d. 

n rpenditure  was    61,488    L9s.  2d.— £84  Ob.    lid.   less  than  thai   of    the 

preceding  year. 

The  total  receipt  -  tor  Bubscripl  ions  and  arrears  were  c  1 ,209  5s.  8d. — £240  16s.  Id. 

Leas  than  Last  year;  this  decrease  being  attributed  in  a  large  measure  to  the  fad  thai 

r  finance  circulars  have  been  issued  to  the  members  this  year.    The  arrears  of 

subscript  iui is  now  amount  to  6207  18a  04  as  compared  with  £553  7s.  0d.  at  the  end 

of  last  year,  of  which  amount  6246  IBs.  Od  has  been  Btruck  off  as  irrecoverable. 

hi  the  ordinary  items  of  expenditure  there  is  a  decrease  this  year  of 
£240  10s.  11.!.,  but  against  this  musl  be  placed  the  liability  of  £662  16s.  Od.  in 
respect  of  subscriptions  to  the  Federated  Institution,  of  which,  however,  the  Bum  of 
£223  :5s.  :„|.  appears  in  the  balance  sheet  as  expenses  incurred  and  paid  on  behalf 
of  that  institution.  The  payment  of  one  hundred  guineas  in  connection  with  the 
meeting  of  the  British  Association  also  adds  to  the  year's  expenditure,  which, 
however,  still  compares  favourably  with  that  of  previous  years. 


ACCOUNTS. 
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Julv  1«,  1889. 

To  Balance  <;  Bankers  ..         ••        

in  Cashier's  hands 

thp  half- vear  ending  December,  188 J  •••         ••• 

Do.     do!,  3^ per  cent,  for  the  half-year  ending  June, 
1890  ...         •••         ■••         


£     s.    d. 
181    19     2 

in     0    0 


100  10    0 

It}    0 


194     6    0 

„  Interest  on  Investments  with  the  River  TyneCommis-          ^     a     g 
sioners      ...         


b.    d. 


:,21  19     2 


267     8    6 


Subscriptions  for  1889-90  as  follows .— 


388  Ordinary  Members 
21       Do.  do. 

23  Associate       do.  » 

3  Associates 

1  Student 
27  Students  > 

8  New  Ordinary  Members  , 
14  New  Associates 

1  Life  Member 


at  £2 
3 


0 
0 

0 
0 
0 
0 
0 
0 


si  i  it; 

0 

66     3 

0 

48     6 

0 

3     3 

0 

2     2 

0 

0 

16  16 

0 

14  14 

0 

25     0 

0 

1.019     7     0 


„  Subscribing  Collieries,  viz. 

Ashington... 

Birtley  Iron  Company 

Haswell     

Hetton 
Lambton    ... 
Londonderry 
Marquess  of  Bute 
North  Hetton 
Rvhope 

Seghill 

Stella 

Throckley... 

Victoria  Garesfield 

Wearmouth 

Bridgewater  Trustees 

Hutton  Henry 

North  Brancepeth 


Arrears         •••        

Sale  of  Publications,  per  A.  Reid,Sons< 

Do.  Secretary 


£2     2 

0 

6     6 

0 

4     4 

0 

10  10 

0 

10  10 

0 

10  10 

0 

10  10 

0 

6     6 

0 

4     4 

0 

2     2 

0 

2     2 

0 

2     2 

0 

2     2 

0 

4     4 

0 

6     6 

0 

2     2 

0 

2     2 

0 

88     4     0 

1,107  11     0 

101  14     B 
. 1,809 

5     8 

[Jo. 

6  If.     6 

26     3     6 

33 

0     0 

- 

13     4 

accounts. 
Institute  of  Mining  and  Mechanical  Engineers. 
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July  16,  1890. 
By  Publishing  and  Stationery  Accounts,  viz. 
A.  Reid,  Sons  &  Co. 
Lambert  &  Co.,  Ld 


Books,  etc.,  for  Library  in  addition  to  above 
Printing  and  Stationery        do. 

Abstracts  of  Foreign  Papers        

Secretary's  Incidental  Expenses  and  Postages 
Sundry  Accounts  and  Payments 
Travelling  Expenses 
Secretary's  Salary    ... 
Cashier's        do. 
Assistance     ... 
Clerks'  Wages 
Reporter's  Salary     ... 

Rent   ...         

Rates  and  Taxes 
Fire  Insurance 
Furnishing  and  Repair's 
Coals,  Gas,  and  Water 


Expenses  of  Earth  Tremor  Committee  ... 

Do.  Fan  do. 

Do.  Coal  Cutting         do. 

Do.  Explosives  do. 

Do.  Haulage  do. 

British  Association  Meeting 
Preparation  of  Index 
Federated  Institution  of  Mining  Engineers 


Balance  at  Bankers... 
Do.      in  Cashier's  hands 
Do.      Transactions  sold.. 


£     s.    d. 


&     s.    d. 


31 

6 

0 

202 

18 

0 

234  4 

0 

39 

9 

9 

26 

8 

8 

15 

12 

6 

83 

6 

2 

11 

10 

2 

51 

12 

5 

200 

0 

0 

75 

0 

0 

4 

3 

4 

107 

19 

2 

12 

12 

0 

96 

18 

8 

21 

9 

0 

9 

4 

11 

24 

C 

2 

20 

14 

2 

800  7 

1 

1,034  11 

1 

0 

8 

0 

33 

4 

2 

0 

12 

0 

15 

15 

0 

15 

0 

0 

105 

0 

0 

6 

5 

6 

223 

3 

5 



399  8 

1 

1,433  19 

2 

510  7 

10 

56 

17 

0 

30 

9 

4 

H7   R 

.1 

Audited  and  found  correct, 

JOHN  G.  BENSON, 

Chartered  Accountant. 
14th  October,  1890. 


£2,031  13     4 
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PROCEEDINGS.  89 

The  Chairman  said  that  in  the  Finance  Report  and  Statements — which  were  on 
the  table  and  could  be  examined  in  detail  by  the  members  after  the  meeting — 
it  was  stated  that  the  total  income  for  the  year  was  £300  less  than  that  for  1889 ; 
this  was  largely  accounted  for  in  the  matter  of  arrears  of  subscriptions,  of  which 
there  were  large  collections  in  1 889.  These  arrears  having  been  partly  paid,  and  partly 
wiped  off  by  the  Arrears  Committee,  left  very  few  arrears  to  collect  during  1890, 
and  whilst  the  total  income  from  all  sources  for  the  year  was  not  so  great  as  it 
was  for  the  previous  year,  the  Institute  was  in  as  nourishing  a  condition  financially 
as  ever,  and  had,  in  fact,  a  net  gain  in  its  number  of  members  to  the  extent  of  thirty. 
In  this  respect  they  would  all  agree  with  him  in  congratulating  the  Institute — as 
the  report  said — upon  its  "  continued  and  increasing  prosperity."  The  Council  of 
the  Federated  Institution  was  now  considering  the  subject  of  the  mode  of  print- 
ing the  Proceedings,  which  they  would  all  consider  at  present  to  be  unsatisfactory. 
There  were,  as  they  knew,  two  forms  of  publications  printed  in  different  type,  a 
selection  being  made  by  the  Council  of  the  Federated  Institution  of  the  papers 
to  appear  in  each.  In  one  of  these  the  discussions  were  printed  verbatim,  and  it  was 
thought  undesirable  to  spend  so  much  money  in  publishing  these  discussions  ;  those 
of  similar  institutions  were  generally  concentrated  into  the  remarks  of  a  speaker 
once  on  each  subject,  but  in  the  Transactions  of  the  Federated  Institution  they  would 
sometimes  see  on  one  page  many  short  remarks  from  one  speaker.  This  was  incon- 
venient and  expensive  to  print ;  so  much  so,  that  it  was  felt  undesirable  to  print  the 
discussions  in  full  as  at  present.  The  subject  was  under  consideration,  and  some 
proposals  would,  no  doubt,  be  submitted  to  the  members  shortly  when  the  Council 
had  decided  what  was  best  to  be  done.  The  principal  point  to  call  attention  to  in 
the  annual  report  of  the  Council  was  as  to  the  number  of  meetings.  He  was  one  of 
the  very  few  members  who  went  to  Edinburgh — only  twenty-eight  in  all,  and 
these  were  never  all  together  at  one  time — and  it  seemed  to  him  that  the  great 
machinery  of  the  Federated  Institution  of  Mining  Engineers  having  been  put  into 
operation  to  obtain  the  attendance  of  twenty-eight  members  from  all  the  institutes, 
at  Edinburgh,  where  the  Exhibition  was  expected  in  itself  to  be  a  great  attrac- 
tion, the  result  was  extremely  disappointing.  The  Council  of  the  North  of  England 
Institute  had  thought  it  well  to  discuss  this  question,  and  to  consider  whether 
four  meetings  a  year  were  more  likely  to  succeed  when  the  members  of  all 
the  institutes — except  of  that  which  was  located  at  the  place  of  meeting — were 
called  upon  to  leave  their  homes.  He  would  be  glad  to  hear  the  observations  of 
the  members  on  this  or  on  other  subjects  of  the  reports ;  and  in  order  to  put 
the  matter  formally  he  proposed  that  the  reports  as  presented  be  adopted. 

Mr.  Willis  (H.M.  Inspector  of  Mines)  seconded  the  motion. 

Mr.  Simpson  said  he  had  not  thought  of  the  subject ;  but  if  the  meetings 
were  not  better  attended  than  that  at  Edinburgh  he  was  afraid  that  even  four  would 
be  too  many.  He  did  not  know  whether  it  would  be  wise  to  come  to  any  conclusion  at 
present,  or  to  wait  and  see  the  result  of  another  year.  He  supposed  it  would  have  to 
be  brought  before  the  Council  of  the  Federated  Institution  for  further  consideration. 

The  Chairman  thought  that  the  Council  of  the  Federated  Institution  would 
have  their  revised  rules  ready  by  September  ;  they  could  then  be  discussed  at  the 
Nottingham  meeting,  which  was  fixed  for  the  24th  and  25th  of  September. 

Mr.  Simpson  suggested  that  it  would  not  be  proper  for  this  meeting  to  come 
to  any  conclusion. 

The  Chairman — Except  as  a  recommendation,  which  the  Council  of  this  Insti- 
tute could  bring  before  the  Council  of  the  Federated  Institution,  showing  what  the 
members  of  the  North  of  England  Institute  thought  desirable  to  be  done. 

Mr.  Simpson— How  would  two  meetings  in  the  vear  do  ? 


!»()  PBCX 

The  Chairman    The  Council  bo-da;  thought  two  would  bo  enough. 

Mr.  Willis  thoughl  four  boo  many. 

The  Chaibman  Shall  bhe  Counoil  be  instructed  to  represent  bo  the  Federated 
I  list  it  ui  ir hi  thai  i  bey  consider  bwo  a binga  in  bhe  year  sufficient  .' 

Mr.  Thob,  Bbll  iil.M.  [nspecborof  Klines)  said  be  would  propose  thai  11  be 
refer]  Council  to  take  into  a  on  whether  two  meetings  per  annum 

would  imi  be  sufficient.    The  Chesterfield  Institute  mel    fourti  >  year,  and 

the  North  o£  England  Institute  meetings  bad  been  reduced  from  monthly  bo 
bi-monthly.  Ee  was  not  sun-  whether  they  would  not  gel  better  local  attend- 
ances if  even  this  were  altered  bo  quarterly  meetings.  Be  would  al  all  events 
propose  that  bhe  Federated  [nstitution  should  only  meet  bwice  during  bhe  year. 
The  question  of  the  General  Meetings  of  this  Institute  mighl  be  left  tor  future 
consideration. 

Mr.  Simpson  seconded  the  proposal  to  refer  the  question  to  the  Council,  with  a 
recommendation  that  there  be  only  two  meetings  each  year. 

The  resolution  was  carried  unanimously. 


The  CHAIRMAN  called  upon  Professor  Lebour  to  read  Mr.  Marley's  paper  "  On 
the  South  Durham  Salt-field." 

Mr.  Thos.  Bell  remarked  that  no  abstract  of  the  paper  had  been  issued,  neither 
were  there  printed  copies  of  the  paper  on  the  table. 

The  Secretary  replied  that,  although  it  might  have  been  possible  to  prepare  a 
short  abstract  the  paper  itself  could  not  be  printed  for  the  meeting,  as  was  done 
formerly,  owing  to  the  fact — before-mentioned — of  the  papers  being  referred  to  a 
committee,  who  had  to  decide  in  which  type  it  should  appear. 

The  Chairman  said  this  was  one  of  the  inconveniences  which  had  been  felt,  and 
he  hoped  the  subject  of  the  publications  would  be  brought  before  the  Council  of  the 
Federated  [nstitution  at  an  early  date. 
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ON  THE  CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY.* 
By  John  Marley. 

In  1863,  at  the  Newcastle-upon-Tyne  meeting  of  the  British  Association,  the 
writer  read  a  short  paper  setting  forth  the  then  recent  discovery  at  Middlesbrough, 
in  Cleveland,  of  rock  salt  by  Messrs.  Bolckow  &  Vaughan,  showing  how  they,  in 
July,  1859,  in  their  search  for  fresh  water  for  the  use  of  their  Middlesbrough  iron- 
works, had  commenced  the  sinking  of  a  shaft,  which  they  sank  to  a  depth  of 
178  feet  into  the  New  Red  Sandstone.  From  the  bottom  of  this  they  began,  on 
December  31st,  1861,  a  boring,  18  inches  in  diameter,  by  one  of  Messrs.  Mather  & 
Piatt's  boring  machines,  their  object  still  being  fresh  water,  and  after  repeated 
warnings,  both  before  and  during  their  operations,  that  salt  water  was  more  likely 
to  be  got  than  fresh,  they,  at  a  depth  of  1,206  feet,  touched  the  top  of  the  rock  salt, 
proving  it  to  be  100  feet  thick  (Section  XVI.).  The  boring  itself  was  stopped  on  or 
about  September  10th,  1863.  This  was  the  first  public  announcement  of  this  great 
geological  and  commercial  fact.  To  this  1863  paper,  which  contained  a  full  descrip- 
tion of  the  boring  machine  and  a  coloured  section  of  the  strata  sunk  and  bored 
through,  was  attached  an  analysis  of  the  lightest  coloured  sample  of  the  rock  salt. 
representing  about  one-half  of  the  whole  bed.  It  was  then  admitted  to  be  impossible 
to  attempt  any  predication  of  the  area  of  the  salt,  but  as  bearing  thereon,  the  exten- 
sion of  the  South  Durham  Coal-field  from  Castle  Eden  and  South  Wingate,  and  the 
fact  of  the  existence  of  the  Lias  and  Oolitic  formations  south  of  Middlesbrough  were 
mentioned.  Besides  the  question  of  the  area  of  the  salt  deposit,  it  was  also 
admitted  that  it  was  speculative  to  attempt  to  estimate  the  great  commercial 
results  that  were  expected  to  the  district  of  the  Tyne  and  the  district  generally. 
A  period  of  26  years  having  elapsed  since  this  discovery  and  since  the  last  meeting 
of  the  British  Association  at  Newcastle,  during  the  first  11  years  of  which  the 
matter  lay  dormant,  South  Durham  has  now  become  a  salt-producing  district  of 
vast  commercial  importance. 

The  question  of  salt  in  this  district  cannot  be  said  to  be  a  recent  one,  as  the  Rev, 
George  Young  in  1828  in  his  Geology  of  the  Yorkshire  Coast  mentioned  the  possi- 
bility of  rock  salt  similar  to  that  of  Cheshire  and  Worcestershire  being  found  in  the 
vale  of  the  Tees  ;  next,  Mr.  G.  C.  Greenwell  in  his  Mining  Engineering  (1853),  in 
mentioning  the  Red  Sandstone  in  the  north-east  part  of  Yorkshire,  said  it  was  by  no 
means  improbable  that  beds  of  rock  salt  might  be  found. 

The  British  Association  made  an  excursion  from  Newcastle-upon-Tyne  to  Messrs. 
Bolckow  k  Vaughan's  salt  boring  in  1863,  and  to  Messrs.  Bell  Brothers'  works  at  Port 
Clarence,  from  Y"ork  in  1881.  After  1863,  the  salt  question  practically  lay  untouched 
till  1874,  speculation  being  deterred  by  the  depth  at  which  the  rock  salt  lay  and  the 
heavy  water-bearing  strata  to  be  passed  through,  involviug  large  capital  outlay  for 
sinking,  and  having  regard  also  to  the  unknown  extent  of  the  area  of  the  deposit, 
and  the  consequent  uncertainty  of  suitable  return  on  the  capital  invested. 

Messrs.  Bell  Brothers'  experimental  or  trial  boring  in  1874  (Section  XI.)  having 
proved  that  the  rock  salt  continued  to  the  north  of  Messrs.  Bolckow  &  Vaughan"s 
first  boring,  they  adopted  the  Continental  plan  of  a  fresh-water  column  balancing 
the  brine  column  at  a  point  within  200  feet  of  the  surface,  accompanied  with  ease  of 
pumping,  and  thus  became  the  pioneers  of  the  manufacture  of  salt  in  the  district. 

Mr.  Thomas  Bell,  of  Messrs.  Bell  Brothers,  had  suggested,  and  the  firm  had  con- 
sidered the  practicability  of  raising  salt  by  means  of  the  two  columns  of  water, 
viz.,  1,200  feet  of  fresh  water  to  1,000  feet  of  brine,  and  on  further  enquiry  it  was 
*  This  paper  was  read  before  the  British  Association,  at  the  Newcastle  Meeting,  in  1889. 
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Found  that  the  plan  In  question  mu  already  In  operation  near  Nancy,  in  Pranoe, 
where  its  details  were  investigated  by  the  heads  of  the  firm  and  their  stair.  After- 
ward-,  with  the  possibility  of  find  "         .  Bell  Brothers  contiE  ring 

for   180  Feet,  and   proved  the  i  if  the    Magnesian  Limestone  below  the 

rock  salt. 

The  writer  does  nol  consider  it   i  to  enter  into  the  details  of  thefespective 

borings  for  the  rock  salt  nor  of  the  various  modes  adopted  in  the  preparing  and 
obtaining  of  the  brine,  and  of  pumping  the  same  to  I  he  surface,  as  these,  as  well  as 
the  modes  of  manufacture  of  the  Bait,  have  been  treated  of  fully  by  other  writers, 
to  whom  reference  is  made  below  according  to  date. 

By  Mr.  W.  H.  Peacock,  mining  engineer,  on  t  he  New  Red  Sandstone  of  Cleveland 
and  the  rock  salt  then  discovered.  This  paper  was  read  before  the  Cleveland  Literary 
and  Philosophical  Society  in  1869. 

By  Sir  Lowthian  Bell  in  1881  in  his  paper  for  the  British  Association  on  the 
industries  of  Middlesbrough;  but  more  especially  in  his  elaborate  paper  on  the 
manufacture  of  this  salt,  which  was  read  before  the  Institute  of  Civil  Engineers  in 
May,  1887. 

By  the  late  Mr.  Thomas  Allison,  of  Guisbro',  in  April,  1882,  in  his  paper  on 
the  "  Geology  of  Middlesbrough  and  the  Surrounding  District." 

By  Mr.  T.  Hugh  Bell,  in  1883,  before  the  Cleveland  Institute  of  Engineers,  on 
these  salt  deposits  and  the  mode  of  winning  them. 

By  the  said  Mr.  T.  Hugh  Bell,  on  these  salt-  deposits,  in  September,  1883,  in  his 
notes  for  the  Iron  and  Steel  Institute  meeting  at  Middlesbrough. 

By  Mr.  T.  W.  Stuart,  on  the  Tees  salt  industry,  in  his  paper  read  in  Octoher, 
1888,  at  the  Durham  College  of  Science,  and  published  in  the  Journal  of  the  Society 
of  Chemical  Industry  for  the  same  month.  This  paper  treats  fully  of  the  American 
system  of  boring,  and  of  all  details  connected  with  the  salt. 

By  Mr.  W.  J.  Bird  on  this  salt  bed  and  associated  strata,  read  before  the  Man- 
chester Geological  Society  in  June,  1888. 

The  writer  therefore  considers  it  would  be  a  waste  of  time  to  repeat  in  detail 
that  information  which  can  be  obtained  by  reference  to  these  various  papers,  but 
wishes  more  especially,  1st,  to  direct  attention  to  the  extreme  north,  west,  south. 
and  east  points  of  the  deposit  proved,  with  the  various  thicknesses,  viz.: — 

The  last  boring  (VI.)  in  a  northerly  direction  in  which  rock  salt  is  proved  at 
Greatham  (see  Plate  LIV.),  which  proved  salt  82$  feet  thick  at  a  depth  of  971  feet 
9  inches,  there  being  no  salt  proved  at  borings  I.,  II.,  III.,  IV.,  and  V.,  farther  to 
the  north. 

By  way  of  illustration  of  the  form  of  this  basin  of  salt  as  far  as  known,  the 
Lackenby  boring  (XXI.)  being  the  deepest,  the  bottom  of  the  salt  being  1,804  feet 
from  the  surface,  and  taking  this  as  the  datum-line  (as  the  slight  difference  of  sur- 
face-level is  too  trivial  to  be  taken  into  account)  ;  the  rise  from  XXI.  (Plate  LIV.) 
or  Lackenby  to  VI.  or  Greatham,  a  distance  of  about  4  miles,  is  832  feet  3  inches, 
XXI.  being  as  yet  the  easternmost  position  of  the  salt  proved. 

Then  the  westernmost  point  is  at  Stone  Marsh  <>r  XXIX.  (Plate  LIV.),  a 
distance  of  about  4^  miles,  with  salt  of  a  thickness  of  9  feet,  and  a  rise  of  1,011  feet 
from  Lackenby. 

From  Lackenby  (XXI.)  to  South  Bank  (XX.),  a  distance  of  about  1  mile,  with 
salt  82A  feet  thick,  and  a  rise  of  b">l  feel  9  inches. 

Next  from  XX.  (Plate  LIV.)  or  South  Bank  to  XV11T.  or  North  Onnsl.v,  a 
distance  of  2|  miles,  with  salt  89^  feet  thick,  and  a  rise  of  21  ii  feet  3  inches,  as  the 
southernmost  point.  This  southernmost  point  XVIII.  or  North  Ormsby,  and  the 
easternmost  point  XXI.  or  Lackenby,  arc  clearly  not  the  termination  of  the  salt 
basin  in  these  directions. 
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The  several  papers  from  the  respective  authors,  in  describing  the  various 
geological  features,  have  brought  into  view  differences  of  opinion  on  the  geological 
questions,  and  amongst  others  a  paper  on  "  The  Durham  Salt  District,"  in  the  North 
of  England,  by  Edward  Wilson,  F.G.S.,  and  published  in  the  Quarterly  Journal  of 
the  Geological  Society;*  and  since  then  another  paper  by  Mr.  Howse  on  these  geolo- 
gical points,  and  read  by  him  in  1888  before  the  Tyneside  Naturalists'  Field  Club. 

Having  shown  the  position  and  form  of  the  basin,  the  writer  will  now  call 
attention  to  the  boring  at  the  westernmost  point,  viz.,  XXIX.  (Plate  LIV.)  or 
Stone  Marsh,  where  only  9  feet  of  salt  was  proved,  part  of  that  being  mixed  with 
gypsum.  This  was  abandoned  after  boring  into  Magnesian  Limestone  to  a  depth 
of  1784.  feet,  or  a  depth  from  surface  of  1,000  feet,  this  boring  being  taken  to  prove 
the  westernmost  outcrop. 

Next,  attention  is  called  to  the  Seaton  Carew  boring  IV.  (Plate  LIV.),  where  it 
was  proved  that  salt  rock  did  not  exist  at  the  point  expected,  viz.,  at  a  depth  of  497 
feet.  But  at  606  feet  rock  oil  was  found,  and  sulphurous  water  was  met  with,  and  at 
1,153  feet  a  brine  feeder  was  got.  The  salt  bed  being  usually  met  with  between 
the  main  beds  of  anhydrite,  this  boring  was  then  continued  through  the  Magnesian 
Limestone  at  1,400  feet,  proving  878  feet  thickness  of  this  rock  ;  and  the  boring  has 
been  continued  to  a  total  depth  of  1,814  feet  6  inches,  and  Carboniferous  strata  proved 
below  the  Magnesian  Limestone.  These,  with  the  10  inches  and  14  inches  coal- 
seams,  all  form  elements  for  consideration  as  to  their  exact  geological  position. 

The  next  boring  to  which  attention  is  called  is  at  the  point  marked  XXII.,  near  to 
the  river  Tees,  where  the  Newcastle  Chemical  Co.  only  got  either  some  few  feet  of  salt 
or  as  some  say,  none;  after  proving  167  feet  of  Magnesian  Limestone  to  a  depth  of 
1,260  feet,  this  was  abandoned,  the  position  of  the  boring  being  almost  in  a  direct  line 
from  Messrs.  Bolckow  k.  Vaughan's  first  boring,  XVI.,  where  salt  is  of  great  thick- 
ness, and  that  at  Stone  Marsh,  XXIX,  where  salt,  only  9  feet  thick,  rendered  the 
absence  of  salt  at  XXII.  as  being  most  probably  due  to  an  underground  dislocation  and 
not  to  an  outcrop.  Another  boring  (XXX.)  made  near  Norton  by  the  diamond  drill 
proved  gypsum  and  anhydrite,  but  did  not  prove  salt,  and  after  going  through  the 
Magnesian  Limestone  at  760  feet  8  inches  depth,  the  boring  was  stopped  in  sand- 
stone and  shale. 

The  production  of  salt  for  the  years  1887,  1888,  1889,  1890,  and  1891  was  as 
follows : — 


District. 

1887. 

1888: 

1889. 

1S90. 

1891. 

Salt  from  Brine. 

I 

England — 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cheshire 

1,019.152 

1,624.243 

1,342,896 

1,440,088 

1,335,821 

Durham 

119,477 

173,160 

191,647 

194,971 

200.5H7 

Lancashire  ... 

7,877 

26.867 

Staffordshire 

5,810 

5,810 

6,450 

7,135 

6,098 

Worcestershire 

252,000 

267,000 

217,798 

267,348 

202,643 

Yorkshire    ... 

16,790 

17,900 

26,500 

35,700 

50,042 

Scotland      

Ireland        

Total     



2,013,529 

2,088,113 

1,785,291 

1,958,119 

1,821,978 

Mock  Salt. 

England— Cheshire 

150,267 

182,804 

141,063 

159,088 

184,284 

Ireland        

Gross  Totals    ... 

30,155 

34,652 

20,142 

29,642 

37,309 

2,193,951 

2,305,569 

1,946,496 

2,146,849 

2,043,571   | 

Vol.  xliv.,  1888,  page  7bl. 
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rhe  salt  area  proved  can  be  safely  takes  al  20  square  miles,  and  would  produce, 
Ly  90  feel  of  thi<  taken,  116,200,000  tons  oi     til  per  square  mile,  and 

as  the  works  on  the  Tyne  consumed  aiM.ni  l  acre  per  annum,  if  there  be  20  square 
of  sail  area,  t  here  is  u  Bupply  available  for  l  -' 

The  questions  of  the  form  of  cavities  produced  by  the  pumping  of  the  brine, 
and  of  possible  subsidence  of  the  surface  in  the  future,  may  be  lefl  untouched  at 
present  by  the  writer,  bul  it  may  be  mentioned  that  the  abandonment  "f  the  arti- 
ficial Bupply  of  water  in  the  making  of  brine,  and  the  adoption  of  self-contained 
springs  may  unintentionally  be  the  means  of  avoiding    •  dam- 

ages, if  any,  and  also  of  the  pumping  of  brine  from  adjoining  lands. 

Attached  are  copieB  of  borings.    (See  Appendices  A  and  B.) 


APPENDIX    A. 
Sections  of  Boreholes  in  South  Durham  and  cmsveland. 

Diamond-boring  at  th<    Warren  Cement  Works,  near  Hartlepool,  by 
Mr.  John    Vivian,  1SSS. 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

From 

ness 

of 

from 

o.     Description  of  Strata. 

Strata. 

No.     I  lescriptioii  "t  Strata. 

strata. 

Surface. 

Ft.    in. 

Ft.     In. 

Ft. 

in. 

ft.     in. 

1  Sand           

22     ii 

22     1 1 

7  Dark     pinnel 

and 

•_'  Soft   mud  and   peat 

8     0 

30    0 

collides    ... 

19 

0 

93    0 

3  Red  clay     

18     0 

48     0 

8  Red  clay     .. 

2 

0 

95    0 

4  Red    pinnel,     with 

9  Soft  limestone 

1 

1) 

96     0 

small  cobbles    ... 

6    0 

54     0 

10  Red  clay     ... 

1 

0 

97     0 

5  Dark      pinnel      and 

11  Hard  rock  ... 

1 

5 

98     5 

cobbles   ... 

18     0 

72    0 

12  Anhydrite  ... 

265 

7 

364    0 

6  Pinnel  and  cobbles 

2    0 

74    0 

13  Dark  grey  limestone 

38 

0 

402    0 

II. — Diamond-boring  at  Messrs.  Smalley's,  Pulp  or  Cellulose  Work*,  near  West 

Hartlepool. 


V       Description  oi  strata. 

1  Depth  of  well 

2  Dark   brown  pinnel 

3  Yellow  clay 

i  (  oarse     soft     lime- 
stone 

5  White  limestone  ... 

6  C  o  a  r  s  e ,    porous, 

yellowish-white 
limestone 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft.  In. 

Ft.  In. 

37    n 

37    0 

13    ii 

50    0 

3    0 

53    0 

4     (I 

57    0 

1      O 

58     0 

No.     Description  of  Strata. 


Thick- 
ness of 
Strata. 
Ft.  In. 


7  Yellowish  -white 

limestone  ...      9     0 

S  White  limestone   ...102    0 
9  Dark    brown    lime- 
stone      ...         . .       40 

10  Dark     shaly     lime- 

stone      ...         ...     33     0 

11  Yellow  limestone...     12     0 


Depth 

from 

Surface. 

Ft.  In. 

86    0 

188     0 

192     0 

225     0 
237     0 


19     0        77     0 


III.  —  Diamond-boring  at.  tht  Cement  Works,  West  Hartlepool,  for  Mr.  C.  T. 

Casebourm . 


Thick- 
ness of 
No.    Description  of  Strata.       Strata. 
Ft.  In. 

1  Well  previously  sunt  :>(>    <» 

2  Red  sandstone       ...       9     0 

3  Red  sandy  marl     ...     Ill     II 
1  Red  sandstone,  with 

beds  of  red   marl     31      0         SO     0 
5  Red   sandstone    and 

marl  mixed         ...     57     <>       137     0 


Depth 
from 

Surface 
Ft.   In 

30    ii 
39    <i 

49     (I 


No.     Description  of  Strata. 

6  Red  marl,  with  beds 

of  red  sandstone 

7  Red  and  grey  sand- 

stone, with  beds  of 

red  marl... 
S  Red  sandstone 
9  Red  marl    ... 


Thick- 
ness of 

strata. 

Ft.  In. 


Depth 

from 

Surface. 

Ft    In. 


0       164     0 


26     0 

190 

(1 

25    0 

215 

0 

35    0 

250 

0 
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No.     Description  of  Strata. 

10  Red  marl,  with  beds 

of  sandstone 

1 1  Red  marl    ... 

12  Red  marl,  with  thin 

beds  of  red  sand- 
stone 

13  Red  marl 

14  Redmarl,  with  veins 

of  gypsum 

15  Redmarl,  with  veins 

of    gypsum     and 
blue  joints 

16  Red  marl,  with  blue 

joints 

17  Redmarl,  with  veins 

of     gypsum    and 
blue  spots 

18  Redmarl,  with  veins 

of     gypsum    and 
blue  joints 

19  Redmarl,  with  veins 

of     gypsum    and 
red  sandstone   . . . 

20  Strong   marl,    with 

thick      veins     of 
gypsum 


Thick- 
ness of 
Strata. 
Ft.  In. 

20     0 
38     0 


32     0 
45    0 


Depth 

(torn 

Surface. 

Ft.  In. 

270    0 
308    0 


340    0 
385     0 


95     0      480    0 


.-).-» 

0 

535 

0 

4 

2 

539 

2 

4 

6 

543 

8 

24 

10 

568 

6 

Hi 

0 

578 

6 

21 

6 

600 

No.     Description  of  Strata. 

21  Redmarl,  with  veins 

of    gypsum     and 
blue  joints 

22  Anhydrite 

23  Anhydrite,         with 

veins   of  gypsum 

24  Anhydrite  ... 

25  Blue  marl  ... 

26  Red  marl,  with  blue 

joints   and    veins 
of  gypsum 

27  Anhydrite  ... 

28  Anhydrite,         with 

black  joints,  and 
veins  of  gypsum 

29  Anhydrite,     "  with 

black  joints 

30  Anhydrite,         with 

spots  of   gypsum 

31  Anhydrite,         with 

gypsum 

32  Anhydrite,      mixed 

with  limestone  ... 

33  Limestone,         with 

gypsum 


Thick- 
ness of 

Strata. 

Ft.  In. 


5  6 

4  0 

12  0 

2  6 

0  8 


27  10 

7     0 


11  0 

16  0 

18  6 

9  4 

15  S 

40  0 


Depth 

from 

Surface. 

Ft.  In. 


605  6 

609  6 

621  6 

624  0 

624  8 


652    6 
659    6 


670  6 

686  6 

705  0 

714  4 

730  0 

770  0 


IV. — Diamond-boring  near  Seaton  Garew,  by  Mr.  John  Vivian,  for  Mr.  C.  T. 
Camboume,  1887-1888 


No.    Description  of  Strata. 

1  Brown  clay... 

2  Red  clay     ... 

3  Red  pinnel  and  cob- 

bles 

4  Soft  red  sandy  marl 

5  Red  sandy  marl  ... 

6  Red  and  grey  sand- 

stone 

7  Red  marl    ... 

8  Grey  sandstone     . . . 

9  Red  marl,  with  beds 

of  sandstone 

10  Red  sandstone 

11  Grey  sandstone 

12  Red  sandstone 

13  Grey  sandstone     ... 

14  Red  sandy  marl    .. 

15  Red  and  grey  sand- 

stone 

16  Red  marl    ... 

17  Red  marl,  with  beds 

of  grey   and    red 
sandstone 

18  Red  marl,  with  blue 

joints 

19  Red  marl,  with  blue 

joints  and  beds  of 
grey  sandstone  . . . 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft.  In. 

Ft 

In. 

6     0 

6 

0 

6     0 

12 

0  1 

6     0 

18 

0 

12    0 

30 

0 

3     0 

33 

0 

7     0 

40 

0 

2     0 

42 

0 

5     0 

47 

0 

10     0 

57 

0 

20    0 

77 

0 

2    0 

79 

0 

13    0 

92 

0 

1     0 

93 

0 

47     0 

140 

0 

10    0 

150 

0 

15    0 

165 

0 

8     0 

173 

0 

35     0 

208 

0 

24    0 

232 

0 

Thick- 

Depth 

ness  of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

in. 

20  Red  marl,  with  beds 

of  grey  marl 

33 

0 

265 

0 

21  Red  marl,  with  blue 

joints 

24 

0 

289 

0 

22  Red  marl,  with  bine 

joints    and    veins 

of  gypsum 

171 

0 

460 

0 

23  Red      marl,      with 

veins  of  gypsum 

7 

5 

467 

5 

24  Anhydrite  ... 

13 

0 

48') 

5 

25  Blue      marl,      with 

veins  of  gypsum 

3 

0 

483 

5 

26  Anhydrite  ... 

1 

0 

484 

5 

27  Redmarl,  with  veins 

of  gypsum  (rotten 

marl) 

10 

0 

494 

5 

28  Dark  marl  and  gyp- 

sum mixed 

2 

7 

497 

0 

29  Anhydrite,         with 

black   joints 

25 

0 

522 

0 

30  Magnesian         lime- 

•stone,  with  spots 

of  gypsum 

27 

0 

549 

0 

31  Light      grey     mag- 

nesian limestone, 

with     spots    and 

veins  of  gypsum 

38 

0 

587 

0 

96 


CLEVELAND  AND  IOUTH   IM'kii.wi    -ai/i    im.i      i  i.  , 


Description  of  Strata. 


No 

:!•_'  I  lark  grej  limestone, 
with  spots  and 
veins  01  gypsum 

33  Dark      blue     Bhale 

(with  small  feeder 
of  rock  oil  and 
sulphur  water)  ... 

34  Anhydrite,  with  beds 

of  dark  blue  shale 
and  gypsum      ...    35 

35  Light     grey    lime- 

stone and  gypsum     7 

36  Blue  shah                 ...  2 

37  Light  grey  limestone  11 

38  White  limestone  ...  90 

39  Hard     w  bite    lime- 

stone, with  gyp- 
sum       ...         ...    12 

40  Dark  grey  limestone 

and  anhydrite   ...     20 

41  Light     grey      lime- 

stone, with  gyp- 
sum        ...         ...     18 

42  Light      grey     lime- 

stone      ...         ...    29 

43  Limestone  and  gyp- 

sum mixed         ...     31 

44  Grey  limestone,  with 

gypsum       11 

45  Light      grey     lime- 

stone and  gyp- 
sum        ...  ...    33 

46  Light  grey  limestone   5  > 
17  Light     grey     lime- 
stone, with  spots 

of  gypsum  ...    45 

4S  White  limestone   ...  107 

49  Light  grey  limestone    23 

50  Broken    light    grey 

limestone,  and 
brine  spring      ...    23 

51  Light  grey  limestone      9 

52  Light     grey     lime- 

stone, with  spar 
cavities  ...  ...       9 

53  Light  grey  limestone     7 

54  White  limestone  ...    82 
m  Light     grey      lime- 
stone, with  a  little 
gypsum    . .  ...    23 

56  Dark  grey  limestone, 

with  gypsum     ...     17 

57  Dark      grey      lime- 

stone, with  veins 
of  gypsum 

58  Darklimestone,with 

spots  of  gypsum      40 

59  Dark  grey  limestone    40 

60  Dark     grey      shaly 

sandstone  ...     10 

61  Red  and  grey  shaly 

sandstone  ...     17 


Tin.  1. 

11.  ss    l>l 

Ft.  In. 


Deptli 

tinin 

H.    In. 


16     0      603     0 


3     0      606     0 


0      641     0 


648  0 

650  0 

661  0 

751  0 


763  0 

783  0 

801  0 

830  0 

861  0 

872  0 


905     0 
955     0 


1,000  0 
1,107  0 
1,130    0 


1,153    0 
1,162     0 


1,171  0 
1,178  0 
1,260    0 


1,283    0 
1,300    6 


19    6  1,320    0 


1,360  0 

1,400  0 

1,410  0 

1,427  6 


Di    cripl  Ion  "i 

62  Black  Bhale 
(i .;  I >ark  grej  shale 
(ii  Darl 

(!.".  i  trey  sandstone,  \\  ith 
black  joints 

66  Grej  ne    ... 

67  Very     coarse     grey 

sandstone 

68  Dark  grey  sandstone 

69  Black  shale 

70  Red  and  grey  sand- 

stone 

7 1  Black  shale 

72  Shaly  sandstone     ... 

73  Black  shale 

71  I  Irey  sandstone 

75  Dark  grey  sandy  shale 

76  COAL        

77  Dark  brown  fireclay 
7S  Black  sandy  shale   ... 

79  Dark      grey     sandy 

shale 

80  White  sandst  a 

8 1  1  >ark  grey  sandstone 

82  Light  grey  sandstone 

83  Dark     shaly      sand- 

stone,   with    coal 
joints      

84  Black  shale 

8.".  COAL        

86  Dark  black  shale 
and  fireclay 

s7  White  and  grey  sand- 
stone 

88  Black  shale 

89  Fine  grey  sandstone 

90  Dark  grey  sandstone 
9)  Black  shale 

92  Black    shale,    with 

beds  of  dark  grey 
sandstone 

93  Black  shale 

04  Black  shale,  with 
1  »eds  of  grey  sand- 
stone 

95  COAL  and  shale  ... 

96  Dark  brown  fireclay 

97  Dark  grey  sands  tone 

98  Dark     shaly    sand- 

stone 

99  Yellowish  sandstone 
100  Coarse,    light    grey 

sandstone 
1 0    Hard  yellowish  sand- 
stone,   with   lime 
veiuule   ... 

102  Coarse,    light   grey 

sandstone 

103  Coarse    grey    sand- 

stone 

104  Dark     grey      shaly 

sandstone 


Tliick-         Depth 

of           from 

Strata.       trrfaoe. 

1  1.    In.          I 

0  6  1,428    0 

1  0   1,420     0 
1      0   1,430     0 

30 

In 

0  1,460 
0  1,470 

0 

0 

15 
0 

0  1,480 
6  1,485 

6  1,486 

0 

6 
0 

1 
12 
2 
10 
4 
0 
0 
1 
2 

7   1,487 
4  1,499 

li    1,502 
0   1,512 
0  1,516 

7  1,517 
10  1,517 

2  1,519 

8  1,521 

7 
11 
5 
5 
5 
0 

10 

0 

8 

1 

2i; 

5 

12 

8  1,523 
8   1,550 
0  1,555 
8  1,567 

4 
0 
0 
8 

1 
9 
1 

4  1,569 
6  1,578 
2  1,579 

0 

6 
8 

0 

4  1,580 

0 

6 

8 
6 
3 

7 

0  1,586 
0  1,594 
0  1,600 
6  1,603 
0  1,610 

0 
0 

(1 

6 
6 

6 
6 

6  1,617 
0  1,623 

0 

0 

1 

0 
2 

6 

11  1,630 

1    1,631 
0  1,633 
0  1.639 

11 

0 

0 

e 

5 
8 

0  1,644 
9  1,652 

0 
9 

16    6  1 


669 


2 

3  1,671 

6 

3 

6  1,675 

0 

1 

6  1,676 

6 

1 

6  1,678 

0 

CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY. 
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No.    Description  of  Strata. 

105  Black  shale 

106  Dark     grey     sandy 

shale 

107  Dark  blue  shale     ... 
1  OS  Black  shale 

109  Dark  brown  shale 

1 1 0  Grey     shaly     sand- 

stone 

111  Coarse    grey    sand- 

stone, with    coal 
pipes 

1 1 2  Dark     grey     shaly 

sandstone 


Thick-  Depth 
ness  of  from 

Strata.  Surface. 
Ft.  Ira.  Ft.  In. 
8     0  1,686   '0 

3  0  1,689  0 
7  0  1,696  0 

4  0  1,700  0 
3  0  1,70.3  0 

10  0  1,713  0 


24  0  1,737  0 
5  0  1,742  0 


No.     Dpscription  of  Strata. 

113  Yellowish        shaly 

sandstone 

114  Dark    shaly    sand- 

stone 

1 1 5  Black  shale 

116  Grey  sain!  stone  with 

beds  of  black  shale 

117  Coarse    grey    sand- 

stone, with  black 
joints 

118  Grey  sandstone 


Thick-  Depth 

ness  of  from 

strata.  Surface. 

Ft.  In.  Ft.  In. 

6     0  1,748     0 

S     0  1,756     0 
24    0  1,780    0 

10    0  1,790     0 


10    0  1,800    0 
14    6  1,814    6 


V.  —  Boring  at  Owjhton,  near  Hartlepool. 


No.     Description  of  strata. 

1  Soil 

2  Gravel,  with  water 

3  Blueclay,verystrong 

4  Sand,  with  water... 

5  Blue  clay,  very  strong 

6  Red  sand    ... 

7  Sandy  clay... 

8  Bed  sand    ... 

9  Blue  clay    ... 

10  .Sandy  clay... 

11  Sand,  with  water... 

12  Clay,    very   strong, 

with  pebbles 

13  'xi-ey  freestone  tum- 

bler 

14  Grey  sand  ... 

1 5  Clay,  very  strong . . . 

16  Brown  clay,  very  tine 

1 7  Brown  freestone 

18  <*rey  metal 

19  Brown  post,  with  gul- 

lets 

20  Red  freestone 

21  White    post,    very 

strong     ... 

22  Red  post     ... 

23  White    post,     very 

strong,  with  metal 
partings  .. 

24  Grey  metal  .. 

25  Red  freestone 
2  i  White  post  .. 

27  Red  freestone 

28  Post  girdle 

29  Red  freestone 

30  Blue  metal  .. 

31  Red  freestone 

32  Blue  metal  .. 

33  Red  freestone   post 

34  White  post  girdle. . 

35  Blue  metal... 

36  Red  freestone   post 

37  White  post  girdle  .. 

38  Red   freestone  post 


Thick- 
ness of 

strata. 
Ft.  In. 
1  0 
10  0 
54  0 
1  8 
8  6 
3  6 
5  2 
8  2 
3  10 
1  6 
0     8 

21     0 


II 


1     9 


3  0 

2  10 

3  0 
12  7 


5  4 

1  2 
4  1 
3     2 

15  0 
0    9 

22  10 
3  6 
0 

2  0 

6  0 


13  0 
0  6 
8     6 


Dej 

tli 

fru 

in 

Surface. 

Ft. 

In. 

1 

0 

11 

0 

65 

0 

66 

8 

75 

2 

78 

8 

83 

10 

92 

0 

95 

10 

97 

4 

98 

0 

119 

0 

121 

0 

125 

2 

126 

11 

136 

0 

141 

0 

148 

5 

151 

5 

154 

3 

157 

3 

169 

10 

175 

2 

176 

4 

180 

5 

183 

7 

198 

7 

199 

4 

222 

2 

225 

8 

236 

8 

23  S 

8 

244 

8 

245 

2 

246 

8 

259 

8 

260 

2 

268 

8 

No.    Description  of  Strata. 

39  White  post 

40  Red  metal    .. 

41  White  post  girdle... 

42  Red    freestone  post 

43  White  post  girdle  .. 

44  Red    freestone  post 

45  Whin  girdle 

46  Red    freestone   post 

47  Strong  whin  girdle 

48  Red  metal 

49  Strong   whin  girdle 

50  Red  metal  ... 

51  Strong  brown  post, 

with  metal  part- 
ings          

52  Red  metal  ... 

53  Grey  metal... 

54  Red   freestone  post 

55  Red  bastard  whin... 

56  Red  metal  ... 

57  Strong   whin   girdle 

58  Red  metal  ... 

59  White  post  girdle... 

60  Red  metal  ... 

61  White  post  girdle.. 

62  Red  and  white  metal 

63  Red  metal  ... 

64  White  post  girdle... 

65  White     stone,    like 

spar 

66  Red  metal  ... 

67  Bastard  whin  girdle 
6S  Red  metal 

69  Bastard  whin  girdle 

70  Red  freestone  post, 

with  metal   part- 
ings   

71  Red  metal 

72  Red  freestone   post 

73  Red  metal  ... 

74  Browufreestoucpost 

75  Red  metal  ... 

76  White  post 

77  Red  metal 


Thick- 

Depth 

ness  of 

from 

strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

6 

0 

274 

8 

12 

0 

2S6 

8 

0 

6 

287 

2 

6 

0 

293 

2 

0 

6 

293 

8 

17 

2 

310 

10 

0 

4 

311 

2 

17 

2 

328 

4 

0 

2 

328 

6 

2 

0 

330 

6 

0 

8 

331 

2 

3 

0 

334 

2 

4 

6 

338 

8 

6 

0 

344 

8 

3 

6 

348 

2 

17 

6 

365 

8 

0 

10 

366 

6 

0 

2 

366 

8 

0 

8 

367 

4 

9 

0 

376 

4 

o 

4 

376 

8 

13 

8 

390 

4 

0 

2 

390 

6 

6 

2 

396 

8 

1 

6 

398 

2 

0 

8 

398 

10 

0 

4 

399 

2 

0 

4 

399 

6 

0 

6 

400 

0 

0 

2 

400 

2 

0 

a 

4)0 

7 

3 

6 

404 

1 

1 

6 

405 

7 

2 

7 

408 

2 

0 

4 

408 

6 

15 

8 

424 

2 

0 

8 

424 

10 

1 

1 

425 

11 

0 

6 

426 

5 

98 
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No.    Description  "t  Strata. 

78  Brown  freestone  post 

7:1  Red  metal 

80  White  poBl 

si  Red  metal 

82  Brow  nil',    boneposl 

83  Red     metal]     very 

Btrong    ... 
s  1  Soft  red  metal 

85  Brown  freestone  post 

86  Red  metal  ... 

sj  Brown  freestone  post 

88  Strong  red  metal  ... 

89  80ft  red  metal 

90  Strong  brown  posl , 

with      a      strong 
feeder    of    water 

91  White  post  girdle... 

92  Red  metal.!. 

93  White poBt girdle... 

94  Red  metal  and  post 

girdle 

95  Strong   brown   post 


Thick 

Depth 

aeaa  .<i 

lion 

Strata. 

No. 

Ft.     In. 

Ft. 

In. 

(i     (i 

132 

11 

9i; 

(I     li 

433 

5 

97 

2     0 

135 

:. 

98 

0     4 

135 

9 

9'.l 

2     0 

437 

9 

100 
101 

1     0 

138 

9 

102 

1     2 

439 

11 

103 

3  10 

443 

9 

104 

0    8 

444 

5 

105 

3    4 

(47 

9 

106 

1    0 

449 

3 

107 

0     0 

449 

9 

ins 
109 
110 

:;    0 

4  .-)•_> 

9 

111 

0   2 

4.52 

11 

112 

1     0 

453 

11 

113 

0  10 

454 

9 

114 
115 

14     4 

4(i!l 

1 

110 

3    0 

472 

1 

117 

Description  of  Strata. 

Red  metal  ... 

COAL        

Red  metal  ... 
Strong  led  metal  ... 

Si  rongfi  ees  tone  post 

Soft  led   metal 

Brown  \\  bin 

BrO¥  11  freestone    ... 

Brown  whin 
Brown  freestone   .. 
Brown  w  bin 
White  8 tone,  Like  spar 

Brown  freestone     ... 

Brown  whin 
Strong  white  post... 
Strong  whin  post  .. 
White  whin 
Strong  whinstone  ... 
Sti  ong  grey  stone... 
Strong  blue  post    ... 
Blue  metal ... 
Brown  stone 


Thick- 
ness (if 

Strata. 
Ft.    In. 


0    a 

0  3 

1  2 
0  10 

.-»  4 
0  7 
5  7 
3 

'i 
0 
tt 
1 

1 


0 
2 

•j 

1 
1 

0 
3  11 

0  ii 

1  0 
1  3 
0   7 


Depth 

from 

Surface, 

It.  In. 

17-'  5 

472  9 

17:;  !» 

47!!  9 

4Sti  :j 

186  <i 

4s7   e 

488     6 

493  10 

494  5 
500  0 
500  3 
503  •) 

505  li 

.-,()!)  6 


510  7 

510  8 

514  7 

515  I 

516  7 
;»17  in 

524  5 


VI. — No.  a  Diamond-boring  at  Marsh  House,  near  Greatham,  by  Mr.  John  Vivian, 

for  Mr.  C.  T.  Casein/ unit,  1SS/  [now  Hartlepool  Salt  and  Urine  Co.,  Ltd.). 


No.    Description  of  Strata. 

1  Soil 

2  Red  and  blue  elay 

3  Tough  red  clay 

4  Red  sand     ... 

5  Red  sand  and  clay 

6  Fine  gravel 

7  Brown  sandy  pinnel 
S  Brown    pinnel    aud 

cobbles   ... 
9  Red  sand    ... 

10  Hard  round  gravel 

11  Red  sandstone 

12  Red  sandstone,  with 

beds  of  marl 

13  Red  sandstone 

14  Red  sandstone,  with 

beds  of  marl 

15  Red  sandy  marl    ... 

16  Red  marl,  with  blue 

joints 

17  Red  sandy  marl    ... 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft. 

In. 

Ft.     In. 

1 

0 

1     0 

3 

0 

4     0 

26 

0 

30     0 

4 

0 

34     0 

15 

0 

49     0 

1 

0 

50     0 

1 

0 

51     0 

14 

0 

65     0 

2 

6 

67     6 

4 

5 

71   1! 

300 

7 

372     6 

77 

0 

449     6 

15 

0 

464    8 

114 

7 

579     3 

8 

6 

587     9 

8 

6 

596     3 

21 

3 

617     6 

No.    Description  of  strata. 

18  Red  marl    ... 

19  Red  marl,  with  blue 

joints 

20  Red  marl,  with  veins 

of  gypsum 

21  Red  marl,  with  veins 

of    gypsum     and 
blue  joints 

22  Red  marl,  with  veins 

of    gypsum     and 
blue  spots 

23  Red  marl,  with  veins 

of  gypsum 

24  Anhydrite  ... 

25  Red  marl  (rotten)... 

26  ROCK  SALT      ... 

27  SALT    ami     anhy- 

drite mixed 

28  ROCK   SALT      ... 

29  Anhydrite 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface 

Ft.  In 

Ft.  In 

20     3 

637    9 

21     8      659     5 


18     8      678     1 


106  11      785     0 


68     2      853     2 


9 

10 

S63 

0 

11 

0 

874 

0 

15 

0 

8S9 

0 

57 

2 

946 

2 

14 

3 

960 

5 

11 

4 

971 

9 

1 

0 

972 

9 

VII. — No.  1  Diamond -boring  on  Cowpon  Harsh,  hy  Mr.  John  Vivian,  for  the 

Newcastle  Chemical  Works  Co.,  Ltd.  1SS5  (now  United  Alkali  Co.,  Ltd.). 


No.     Description  of  Strata. 

1  Blue  clay    ... 

2  Dark    muddy    sand 

3  Blue  sand  clay 

4  Soft  sand    ..." 

5 Sand  and  gravel    ... 
6  Rough  sand 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness  of 

from 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.  In 

4     0 

4     0 

7  Clay 

0     6 

57  1H 

2    0 

6    0 

8  Gravel 

0     8 

58     6 

29     4 

3.")     4 

9  Red  pinnel... 

3     0 

61     6 

9     0 

44     4 

10  Brown     clay 

and 

7     0 

51     4 

cobbles  ... 

15     6 

77    0 

6     0 

57     4 
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Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness  ol 

from 

Strata. 

Surface. 

No.     Description  of  Strata. 

Strata. 

Surface. 

Ft 

In. 

Ft. 

In. 

32  Marly       sandstone, 

Ft. 

In 

Ft. 

in. 

8 

0 

85 

0 

with      veins      of 

2 

0 

87 

o 

gypsum 

20 

0 

801 

0 

6 

0 

93 

0 

33  Marly  sandstone  ... 

16 

0 

817 

0 

1 

4 

94 

4 

34  Red  marl 

23 

0 

840 

0 

40 

0 

134 

4 

35  Red     marly     sand- 

223 

3 

357 

7 

stone 

46 

0 

886 

0 

0 

8 

358 

3 

36  Red      marl,      with 

30 

0 

388 

3 

veins  of  gypsum 

10 

0 

S96 

0 

37  Red  marl    ... 

19 

0 

915 

0 

27 

4 

415 

7 

38  Marly       sandstone, 

207 

11 

623 

6 

with      veins      of 

3 

9 

627 

3 

gypsum 

39  Red  marl,  with  veins 

11 

0 

926 

0 

18 

1 

645 

4 

of  gypsum 

134 

0 

1,060 

0 

13 

0 

65S 

4 

40  Anhydrite 

9 

0 

1,069 

0 

35 

2 

693 

6 

41  Red  marl,   contain- 

13 

0 

706 

6 

ing  a  little  salt... 

19 

6 

1,088 

6 

6 

0 

712 

6 

42  Red  marl    ... 

2 

6 

1,091 

0 

17 

0 

729 

6 

43  ROCK  SALT     ... 

44  ROCK    SALT  and 

96 

0 

1,187 

0 

20 

6 

750 

0 

gypsum 

4 

0 

1,191 

0 

15 

0 

765 

0 

45  ROCK  SALT      ... 

16 

9 

1,207 

9 

9 

0 

774 

0 

46  White  stone 

3 

9 

1,211 

6 

7 

0 

781 

0 

47  Anhydrite 

2 

6 

1,214 

0 

No.    Description  of  Strata. 

11  Brown   pinnel    and 

cobbles  ... 

12  Hard  bound  gravel 

13  Soft   red  sandstone 

14  Red  sandstone 

15  Soft  red   sandstone 

16  Red  sandstone 

17  Soft  marl 

18  Red  sandstone 

19  Red  sandstone,  with 

marl  beds 

20  Red  sandstone 

21  Red  marl 

22  Red  marl,  with  grey 

stripes    ... 

23  Red  sandstone 

24  Marly  sandstone  ... 

25  Red  sandy  marl    . . . 

26  Red  sandstone 

27  Red  marl 

28  Red     sandstone, 

broken    ... 

29  Red  marl 

30  Red  sandstone 

31  Marly  sandstone  ... 

VIII. — No.  2  Diamond-boring  on  Coiopon  Marsh,  by  Mr.  John  Vivian,  for  the 
Newcastle  Chemical  Works  Company,  Limited,  1SS5  (now  United  Alkali  Co.,  Ltd.). 


No.    Description  of  Strata. 

1  Brown  soil  .. 

2  Blue  clay    ... 

3  Sand  

4  Blue  clay 

5  Blue  sandy  clay    ... 

6  Sand 

7  Bound  gravel 

8  Sand  and  gravel    ... 

9  Brown  clay  and  cob- 

bles 

10  Pinnel  and  large  pin- 

nel cobbles 

11  Sandy  pinnel 

12  Gravelly  pinnel  and 

cobbles    ... 

13  Grey  sandstone 

14  Red  sandstone 

15  Red  sandstone,  with 

marl  beds 

16  Red  marl    ... 

17  Red  sandstone 

18  Red  sandstone 

19  Red  marl 

20  Red  sandstone 

21  Red  marl 

22  Red  sandstone 

23  Red  sandstone,  with 

marl  beds 

24  Red  sandstone 

25  Broken  red  marl 

26  Broken     red     sand- 

stone 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness  0) 

from 

Strata 

Surface. 

No.   Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft 

In 

Ft. 

In. 

1 

0 

1 

0 

27  Red  sandstone 

12 

0 

690 

0 

1 

6 

2 

6 

28  Broken  red  marl   . . . 

10 

0 

700 

0 

2 

6 

5 

0 

29  Broken    red     sand- 

4 

0 

9 

0 

stone 

14 

0 

714 

0 

35 

0 

44 

0 

30  Broken  red  marl   . . . 

8 

6 

722 

6 

10 

0 

54 

0 

31  Red  marl    

7 

0 

729 

6 

2 

0 

56 

0 

32  Red  sandstone 

22 

0 

751 

6 

4 

0 

60 

0 

33  Red  marl 

6 

6 

758 

0 

34  Red  sandstone 

3 

0 

761 

0 

5 

0 

65 

0 

35  Red     marly     sand- 

stone 

17 

0 

778 

0 

3 

0 

68 

0 

36  Red  marl 

28 

0 

806 

0 

o 

0 

70 

0 

37  Red  sandy  marl    . . . 

38  Red  sandy  marl,  with 

27 

0 

833 

0 

7 

9 

77 

9 

veins  of  gypsum 

11 

0 

844 

0 

2 

2 

79 

11 

39  Red  sandy  marl    ... 

9 

0 

853 

0 

400 

1 

480 

0 

40  Red  marl,  with  veins 

of  gypsum 

42 

4 

895 

4 

17 

0 

497 

0 

41  Red  marl    

13 

8 

909 

0 

2 

0 

499 

0 

42  Red  marl,  with  veins 

70 

0 

569 

0 

of  gypsum 

15 

0 

924 

0 

11 

0 

580 

0 

43  Red  marl 

3 

0 

927 

0 

5 

0 

585 

0 

44  Red  marl,  with  veins 

27 

0 

612 

0 

of  gypsum 

116 

0 

1,043 

0 

28 

0 

640 

0 

45  Red  marl     ... 

13 

0 

1,056 

0 

16 

0 

656 

0 

46  Anhydrite 

9 

0 

1,065 

0 

47  Dark  marl  ... 

16 

2 

1,081 

2 

9 

0 

665 

0 

48  Red  marl,  containing 

3 

0 

668 

0 

salt 

6 

4 

1,087 

6 

5 

0 

673 

0 

49  ROCK  SALT      ... 

115 

4 

1,202 

10 

50  White  stone 

7 

11 

1,210 

LI 

5 

0 

678 

0 

51  Anhydrite  ... 

1 

3 

1,212 
M 

0 

100 
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I  \.     No.  ■'  Qfamond-boring  on  <  'owpon  Marshy  by  Mr,  JoAu  Vivian,  for  tin  \>  wceutlt 
Ch<  niirut  Works  Company,  Limited,  1886  [now  United  Alkali  Company,  Ltd.). 


No.    Description  of  .strata 

1  Soil 

2  Blue  day 

3  Sand  

4  Blue  clay     ... 

.">  Sand 

li  Sand  and  gravel 

7  B»OWH  sandy  pinned, 

with    pinnel  cob- 
blea 

8  Rei   clay  and   cob- 

bles 
0  Brown    sandy  clay, 
with  cobbles     ... 

10  Red    sandy     pinnel 

11  Soft   red    sandstone 

12  Red  sandstone 

13  Grey  sandstone     ... 

14  Red  sandstone 

15  Broken  red  marl    ... 

16  Red  sandstone 

17  Red  marl 

18  Red  sandstone 

19  Red  marl 

20  Red  sandstone 

21  Red  marl 

22  Red  sandstone 


1't.    In 


38     0 

!i     ti 
4     (t 


1  0 

0  0 

12  0 

1  0 

3  0 
59  6 

4  6 
148  6 

3  0 
201  0 

4  0 
30  0 

3  0 

43  0 

3  0 

5  0 


Depth 
from 

Ft.  In 

1  0 

2  6 
6  0 

4:;     0 
52    o 


56 

0 

57 

0 

62 

0 

74 

0 

75 

0 

7S 

6 

138 

0 

142 

6 

291 

0 

294 

0 

495 

0 

499 

0 

529 

0 

532 

0 

575 

0 

578 

0 

583 

0 

Wo.    Description  ol 

23  Red  tuarl    

2 1  tied  sandstone 

25  Red  mail    ... 

26  Kt'd  sandstone,  \  cry 

much  broken 

27  Red  sandstone 

28  Red  marl 

29  Red  sandstone 

30  Red  marl    

31  Red  sandstone 

32  Red  mail    

33  Marly  sandstone  ... 
:!4  Red  marl     ... 

35  Red  marl,  with  veins 

of  gypsum 

36  Anhydrite 

37  Broken     red     marl, 

very  salty 

38  Red   marl,  contain- 

ing salt   ... 

39  ROCK  SALT      ... 

40  Gypsum 

41  Anhydrite  ... 

42  Gypsum,  containing 

salt 

43  Anhydrite 


Thick- 
ness, of 

strata. 
Ft.   In. 
I   0 

31  6 
16  0 

58  6 
18  6 

13  0 


23 
9 


12  0 

24  0 

20  0 

19  0 

226  0 

9  9 


Depth 
from 
Surface. 

Ft.     In. 

;»s7    o 

618     6 
634     6 

G'.U  0 

711  6 

724  6 

748  0 

757  0 

769  0 

983  0 

813  0 

832  0 


1,058 
1,067 


8  0  1,075  9 


13  9 

101  6 

1  6 

1  0 

9  6 

2  0 


1,089 
1,191 
1,192 
1,193 

1,203 
1,205 


X.—No.  4  Diamond-boring  on  Coupon  Marsh,  by  Mr.  John  Vivian,  for  the  Newcastle 
Chemical  Works  Company,  Limited,  1S85  (now  United  Alkali  Company,  Ltd. ). 


No.    Description  of  Strata. 

1  Soil 

2  Brown  sandy  clay . . . 

3  Sand 

4  Blue  clay 

5  Brown  clay 

6  Sand  

7  Sand  and  gravel   . . . 

8  Brown  pinnel 

9  Brown  pinnel,  with 

cobbles  ... 

10  Soft  red   sandstone 

11  Red  sandstone 

12  Grey  sandstone     ... 

13  Red  sandstone 

14  Red  sandstone 

15  Red  marl 

16  Red  sandstone 

17  Red  sandstone,  with 

beds  of  marl 

18  Red     marly     sand- 

stone 

19  Red  sandstone 

20  Red     marly     sand- 

stone 

21  Red  sandstone 

22  Red     marly     sand- 

stone 

23  Red  marl   ... 


Thick- 

Dept 

i 

Thick- 

Depth 

ness  of 

frmi 

i 

ness 

of 

from 

.Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft.     In. 

1 

0 

1 

0 

24  Red  sandstone 

22 

6 

610    6 

1 

6 

2 

6 

25  Red     marly     sand- 

2 

9 

5 

3 

stone 

o 

0 

612     6 

30 

9 

36 

0 

26  Red  sandstone 

9 

0 

621     6 

4 

0 

40 

0 

27  Red     marly     sand- 

9 

o 

49 

2 

stone 

10 

6 

632     0 

0 

4 

49 

6 

2S  Red  marl 

1 

6 

633     6 

18 

6 

68 

0 

29  Red     marly     sand- 

stone 

38 

0 

671     6 

10 

S 

78 

8 

30  Marl            

3 

0 

674     6 

s 

4 

S7 

0 

31  Red  sandstone 

18 

0 

692     6 

50 

0 

137 

0 

32  Red     marly     sand- 

4 

0 

141 

0 

stone 

6 

6 

699    0 

43 

0 

184 

0 

33  Red  sandy  marl    ... 

7 

10 

706  10 

283 

6 

467 

6 

34  Red  sandstone 

7 

0 

713  10 

1 

0 

468 

6 

35  Red  marl 

6 

0 

719  10 

8 

3 

476 

9 

36  Red  sandstone,  with 

beds  of  marl 

29 

8 

749     6 

21 

9 

498 

6 

37  Red  marl 

38  Red  sandstone  and 

7 

0 

756    6 

3 

6 

502 

0 

marl 

21 

6 

778    0 

27 

0 

529 

0 

39  Red  sandy  marl    . . . 

32 

6 

810    6 

40  Red  marl 

30 

0 

840     6 

25 

0 

554 

0 

41  Red  marl,  with  veins 

28 

6 

582 

6 

of  gypsum 

61 

6 

902    0 

42  Red  marl 

18 

8 

920    8 

1 

6 

584 

0 

43  Red  marl    ... 

46 

7 

967     3 

4 

0 

588 

0 

44  Not  drawn 

18 

3 

985    6 
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Thick- 

Depth 

Thick-        Depth 

ness  of 

from 

ness 

of         from 

No.     Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  strata. 

Strata.        Surface. 

Ft.    In 

Ft. 

In. 

Ft. 

In.      Ft.     In. 

45  Red  marl,  with  veins 

53  Broken    red     marl, 

of  gypsum 

15     0 

1,000 

6 

containing  salt ... 

6 

4  1,076    4 

46  Red  marl 

9     0 

1.C09 

6 

54  Red  mail,  contain- 

47 Red      marl,       with 

ing  salt  ... 

12 

6  1,088  10 

vertical        joints 

55  Decayed  brown  marl 

1 

0  1,089  10 

of  gypsum,  h  in. 

56  Decayed  brown  marl 

thick 

4    3 

1,013 

9 

and  rock  8a  It 

12 

2  1,102    0 

48  Red  marl 

17     3 

1,031 

0 

57  ROCK  SALT      ... 

90 

6  1,192    6 

49  Red  marl,  with  veins 

58  Gypsum  and  salt 

5 

6  1,198     0 

of  gypsum 

15     0. 

1,046 

0 

59  Gypsum  and  salt  .. 

4 

0  1,202     0 

50  Red      marl,      with 

60  Gypsum  and  salt  ... 

7 

0  1,209    0 

gypsum 

15     0 

1/61 

0 

61  'Typsum,  containing 

51  White  stone 

0     6 

1.061 

6 

a  little  salt 

3 

0  1,212    0 

52  Hard  white  stone  . . 

8     6 

1,070 

0 

62  Anhydrite 

2 

0  1,214    0 

XI. — No.   1  Diamond-horing  at  Salt  Holme  Salt  Work*,  near  Port  Clarence,  for 
Messrs.  Bell  Brothers,  Limited  frtow  Salt  Union,  Ltd.). 


Thick- 

Depth 

ness 

of 

from 

No.     Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

1  Peat,  earth  and  clay 

8 

0 

8 

0 

2  Blue  clay    ... 

32 

0 

40 

0 

3  Brown      and       red 

boulder  clay 

56 

0 

96 

0 

4  Red  sandstone 

291 

0 

387 

0 

5  Grey  sandstone     ... 

2 

0 

3S9 

0 

6  Red  sandstone 

57 

0 

446 

0 

7  Striped  red  and  grey 

sandstone 

2 

0 

448 

0 

8  Red  sandstone 

19 

0 

467 

0 

9  Grey  sandstone 

2 

0 

469 

0 

10  Red  sandstone 

9 

0 

478 

0 

11  Grey    sandstone, 

with    6  inches  of 

red  marl... 

5 

6 

483 

6 

12  Reddish  grey  sand- 

stone 

3 

6 

4S7 

0 

13  Red      marl,      with 

white  stripes 

11 

0 

498 

0 

14  Red  sandstone 

38 

0 

536 

0 

15  Grey  sandstone 

4 

0 

540 

0 

1 6  Red  sandstone 

15 

0 

555 

0 

17  Grey  sandstone 

0 

6 

555 

6 

18  Red  sandstone 

12 

6 

568 

0 

19  Grey  sandstone 

7 

0 

.">75 

0 

20  Red       mail,      with 

white  stripes 

14 

0 

589 

0 

21  Red  sandstone 

18 

0 

607 

I) 

22  Red  mail    ... 

8 

0 

615 

0 

23  Red  sandstone 

7 

0 

622 

0 

24  Red      marl,      witli 

white  stripes  and 

2  inches  of  grey 

sandy  band 

14 

2 

636 

2 

25  Red  sandstone 

3 

10 

640 

0 

26  Red  marl 

3 

0 

643 

0 

27  Red  sandstone 

29 

0 

672 

0 

28  Red  marl    

4 

0 

676 

0 

29  Red  sandstone 

24 

0 

700 

0 

30  Red  marl 

2 

0 

702 

0 

31  Red  sandstone 

2 

0 

704 

0 

No.    Description  of  Strata. 

32  Red  marl 

33  Red  sandstone 

34  Red  marl 

35  Grey  sandstone 

36  Red  sandstone 

37  Red  marl    ... 

38  Red  sandstone 

39  Red  marl 

40  Red  sandstone 

41  Red    marl,    with   2 

inches     of     grey 
sandy  band 

42  Red  sandstone 

43  Red  marl    ... 

44  Red  sandstone 

45  Red  marl,  with  grey 

stripes   and    vein 
of  gypsum 

46  Hard  red  marl,  with 

grey  stripes    and 
veins  of   gypsum 

47  Hard  red  marl,  witli 

thicker    vein     of 
pure  gypsum     ... 

48  Pure  gypsum 

49  Hard  white  stone... 

50  Red     sandy     marl, 

rather  hard 

51  Red     sandy     marl, 

very  soft 

52  Red     sandy     marl, 

hard,    with    vein 
of  gypsum 

53  Red  and  dark  brown 

marl 

54  Red  and  dark  brown 

marl,  with  salt  ... 

55  ROCK   SALT  and 

red  clay  ... 

56  ROCK   SALT  and 

gypsum 


Thick-  Depth 

ness  of  from 

Strata.  Surface. 

Ft.  In.  Ft.    In. 

7    0  711    0 

2    0  713    0 

15    0  728    0 

2    0  730    0 

6     0  736    0 

5     0  741     0 

9  0  750    0 

10  751     0 
5    0  756    0 


10    2  766  2 

7  10  774  0 

3    0  777  0 

13    0  790  0 


185  0  975  0 

21  0  996  0 

6  6  1,002  6 

1  6  1,004  0 

8  6  1,012  6 

4  6  1,017  0 

5  0  1,022  0 

4  0  1,026  0 

5  0  1,031  0 
12  0  1,043  0 
65  0  1,108  0 
12  0  1,120  0 
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XII. — Trial  Diamond-boring  on 
Bell  Brothers,  Limited, 


>'o.    Description  of  Strata. 

1  Soil 

2  Clay  

3  Park  sand  ... 

4  Clean  sand... 

5  Red  clay 

6  Sand  and  gravel    ... 

7  Boulder  clay 

8  Red  marl 

9  Red  sandstone,  with 

veins  6f  marl    .. 

10  White  sandstone  ... 

11  Red  sandstone,  with 

veins  of  marl     ... 

12  Red  sandstone 

13  Soft  marl 

14  Red  sandstone 

15  Blue  vein    ... 

16  Red  sandstone 

17  Red  sandstone,  with 

veins  of  marl     ... 

18  Soft  marl 

19  Red  sandstone 

20  Red  sandstone,  with 

veins  of  marl     ... 

21  Soft  marl 

22  Red  sandstone,  with 

veins  of  marl     ... 

23  Red  sandstone 

24  Marl,      with      blue 

veins     of     sand- 
stone 

25  Red  sandstone,  with 

veins  of  marl     ... 

26  Blue  vein    ... 

27  Red  sandstone,  with 

veins  of  marl     ... 

28  Strong  marl 

29  Red  sandstone,  with 

veins  of  marl     . . . 

30  Blue  vein 

31  Strong  marl 

32  Red  sandstone,  with 

veins  of  marl     ... 

33  Strong  red  marl  and 

sandstone 

34  Red  sandstone,  u  ith 

veins  of  mail     ... 

35  Strong  marl 


Salt  ffnlme  Farm,  near  Port  Clarence,  for  M'  vtrs. 

December  15,  1874  (no™  BaU  Union,  Ltd.). 


Deptl 

of 

in 'in 

E  m  face. 

It. 

in. 

1  t. 

0. 

1 

ii 

1 

<; 

4 

0 

5 

6 

7 

6 

13 

0 

26 

0 

39 

0 

3 

0 

42 

0 

8 

0 

50 

0 

27 

0 

77 

0 

73 

0 

150 

0 

144 

0 

294 

0 

1 

3 

295 

3 

153 

9 

449 

0 

10 

0 

459 

0 

3 

0 

462 

0 

6 

0 

468 

0 

0 

10 

468 

10 

31 

2 

500 

0 

27 

0 

527 

0 

4 

0 

531 

0 

29 

0 

560 

0 

49 

0 

609 

0 

6 

0 

615 

0 

31 

0 

646 

0 

6 

0 

052 

0 

17    0      669    0 


XIII. 


No.     Description  of  Strata. 

1  Sandy  clay 

2  Sand 

3  Sand  and  gravel   ... 

4  Sand 

5  Gravel 

6  Sand  and  gravel  . . . 


66     0 

735    0 

0    7 

735     7 

13    5 

749    0 

9    6 

758    6 

26    6 

7  85     0 

0    3 

7S5    3 

6     3 

791     6 

30     6 

S22    0 

17     0 

S39    0 

16     0 

20     0 

875     0 

at  Clar 

ence,for 

Thick- 

Depth 

ness  of 

fri  m 

Strata. 

Surface. 

Ft.   In. 

Ft.  In. 

10     0 

10     0 

33     0 

43     0 

15     0 

58     0 

1     0 

59     0 

5     0 

64     0 

3     0 

67    0 

No.     Description  of  strata. 

.'!ii  Red  sand  and   marl 

37  Red  sandstone,  with 

veins  of  marl     ... 

38  Strong    marl,    with 

veins  of  sandstone 

39  Strong  marl 

40  Strong    marl,    with 

veins   of  gypsum 
II   Mixed      marl     and 
sandstone 

42  Marly       sandstone, 

with  veins  of 
gypsum 

43  Gypsum 

44  Hard     white    stone 

(yielding  gypsum) 

45  Gypsum 

46  Marly       sandstone, 

very  salt... 

47  Sandstone  and  salt 

48  Red    rock,    with   4 

per  cent,  of  salt, 
only  3  ft.  of  core, 
because  fresh 
water  was  used... 

49  GOOD    SALT     ... 

50  ROCK  SALT      ... 

51  ROCK  SALT, with 

marl  and  gypsum 

52  Soft  shale  and  gyp- 

sum 

53  Gypsum 

54  Gypsum  and    lime- 

stone 

55  Magnesian limestone 

(earburetted  hy- 
drogen gas  waa 
liberated  here)  ... 

56  Grey  limestone 

57  Grey  limestone  and 

gypsum 

58  <  Sypsum 

59  Gypsum,  containing 

"  salt        

60  ROCK  SALT      ... 

61  Marl,  containing  salt 

62  Marl,    with  gypsum 

63  SALT,  impure     ... 


Tliick- 

Strata. 
Ft.  In. 
5     0 


0 
23 


Depth 
from 

Surface. 
1't.  In. 
880     0 


14     0      894     0 


900 
928 


7    0     930    0 
27    0     957    0 


141 
4 

0  1,098 
0  1,102 

0 
0 

3 
3 

9  1,105 
6  1,109 

'J 

3 

8 
10 

1  1,117 
3  1,127 

4 
7 

9 
16 

48 

0  1,136 
0  1,152 
5  1,201 

7 
7 
0 

35 

0  1,236 

0 

8 
13 

0  1,244 
0  1,257 

0 
0 

12    0  1,269    0 


No.  1  Boring  at  Clarence,  for  Messrs.  Bell  Brothers,  Limited,  1890. 


No.    Description  of  Strata. 

7  Gravel  and  pinnel 

8  Red  sandstone 

9  Sandy  marl 

10  Red  sandstone 

11  Sandy  marl 

12  Red  sandstone 


45 

0  1,314 

0 

9 

0  1,323 

0 

11 

0  1,334 

0 

2 

0  1,336 

0 

1 

0  1,337 

0 

14 

0  1,351 

0 

2 

0  1,353 

0 

1 

0  1,354 

0 

1 

0  1,355 

0 

ited, 

1890. 

Thick-        Depth 

ness  of        from 

Strata.      Fuvface. 

Ft. 

In.       Ft. 

ill. 

25 

0        92 

0 

458 

0      550 

0 

62 

0      612 

0 

14 

0      626 

0 

4 

0      630 

0 

16 

0      646 

0 
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Thick- 

Depth 

Thick-          Depth 

ness  of 

from 

ness  of          from 

No.     Description  of  Strata. 

Strata. 

Surface. 

No.     Description  of  Strata. 

Strata.        Surface. 

Ft.    In. 

Ft.   In. 

Ft.    In.       Ft.   In. 

13  Sandy  marl 

26    0 

672      0 

20  White  stone 

16     0  J  ,097     0 

14  Sandstone ... 

46     0 

718    0 

21  Marl,       containing 

15  Sandy  marl 

39    0 

757    0 

salt          

15     0  1,112    0 

16  Marl           

172    0 

929    0 

22  SALT        

S8     0  1,200    0 

17  Hard  white  stone 

5    0 

934    0 

23  SALT  and  marl  ... 

11     8  1,211     8 

IS  Marl            

34    0 

968     0 

24  Blue      shale       and 

19  Marl  and  gypsum      113     0  1,081     0 


anhydrite 


10     0  1,221     8 


XIV. — Xo.  3  Borinrj  at  Clarence,  for  Messrs.  Bell  Brothers,  Limited,  1890. 


Thick- 

Depth 

Thick-          Depth 

ness  of 

from 

ness  of          from 

No.     Description  of  Strata. 

Strata. 

Surface. 

No. 

Description  of  Strata. 

Strata.        Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In.        Ft.   In. 

1  Surface 

89 

0 

89 

0 

19 

Limestone.,. 

8 

0      983    0 

2  Marl           

52 

0 

141 

0 

20  Marl 

36 

0  1,019    0 

3  Sand  and  gravel  . . . 

4 

0 

145 

0 

21 

Very  soft  marl     . . . 

9 

0  1,028    0 

4  Sandstone,  with 

22 

Marl           

11 

0  1,039    0 

marl  beds 

99 

0 

2-14 

0 

23 

Marl,  with  a  little 

5  Red  sandstone 

30 

0 

274 

0 

gypsum 

11 

0  1,050    0 

6  Sandy  marl 

13 

0 

287 

0 

24  Mai 

9 

0  1,059    0 

7  Sandstone ... 

82 

0 

369 

0 

25 

Marl  and  gypsum 

28 

0  1,087     0 

8  Marl     and      sand- 

26 

Mail           

35 

0  1,122    0 

stone 

104 

0 

473 

0 

27 

Muddy  marl 

8 

0  1,130    0 

9  Sandy  marl 

31 

0 

504 

0 

28 

Marl           

23 

0  1,153    0 

10  Sandstone ... 

24 

0 

528 

0 

29 

Marl  and  gypsum 

12 

0  1,165     0 

11  Sandy  marl 

27 

0 

555 

0 

30 

White  stone 

7 

0  1,172    0 

12  Marl            

35 

0 

590 

0 

31 

White    stone     and 

13  Marl  and  sandstone 

79 

0 

669 

0 

marl 

8 

0  1,180    0 

14  Marl           

22 

0 

691 

0 

32 

Marl           

15 

0  1,195     0 

15  Sandstone  and  marl 

21 

0 

712 

0 

S3 

SALT        

93 

0  1,288    0 

16  Marl            

13 

0 

725 

0 

34 

SALT   and    bluish 

17  Sandy  marl 

51 

0 

776 

0 

marl 

3 

0  1,291     0 

18  Marl           

199 

0 

975 

0 

35 

Anhydrite  and  marl 

10 

0  1,301     0 

XV. — Xo.  5  Boring  at  Clarence,  for  Messrs.  Bell  Brothers,  Limited,  1S92. 


No.     Description  of  Strata. 

1  Surface 

2  Red  sandy  marl  ... 

3  Red  sandstone  and 

a  little  marl 

4  Red  sandstone 

5  Red  sandstone  and 

red  marl... 

6  Red  marl   ... 

7  Red  sandstone,  with 

streaks  of  marl... 

8  Red     marl,      with 

small   streaks   of 
sandstone 

9  Red  marl  ... 

10  Red     marl,     with 

streaks   of   sand- 
stone        

11  Red  marl  ... 

12  Red  sandstone 

13  Red  marl 


Thick- 

Depth 

Thick-          Depth 

nes. 

of 

from 

ness  of          from 

Strata. 

Surfu 

ce. 

No.     Description  of  Strata. 

Strata.        Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

Iu.        Ft.  In. 

138 

0 

138 

0 

14  Red      marl, 

with 

42 

0 

180 

0 

a  little  sandstone 

22 

0      952    0 

15  Fed  marl  ... 

12 

0      964    0 

90 

0 

270 

0 

16  Red      marl, 

with 

232 

0 

5(2 

0 

veins  of  gypsum 

75 

0  1,039    0 

17  Red  marl  ... 

31 

0  1,070     0 

6S 

0 

570 

0 

18  Red     marl, 

with 

13 

0 

583 

0 

veins  of  gypsum 

20 

0  1,090    0 

19  Red  marl  and 

much 

34 

0 

617 

0 

gypsum  ... 

20  Red  marl  ... 

21  White  stone 

27 

6 

11 

0  1,117  0 
0  1,123  0 
0  1,134    0 

30 

0 

647 

0 

22  Bed  marl  ... 

3 

0  1,137    0 

27 

0 

674 

0 

23  Broken  marl 

24  Broken  marl, 

salt 

with 

15 
4 

0  1,152  0 
0  1,156    0 

28 

0 

702 

0 

25  SALT 

90 

0  1,246    0 

103 

0 

805 

0 

26  Anhydrite... 

5 

0  1,251     0 

20 

0 

825 

0 

27  SALT 

12 

0  1,263    0 

105 

0 

930 

0 

28  Anhydrite... 

... 

2 

0  1,265    0 

KM 
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XVI. — Boring  at  Bfiddli  through  for  1/        ,  Boiokow  and  Vaughan,  by  Mewra.  Mather 
d  Piatt,  commenced  on  July  md  completed  on  '(now 

Cleveland  Salt  Go.,  Ltd.), 


Xo.    Description  of  Strata. 

1  Made  ground 

2  Dry  slime  or   river 
mud 

3  Sand,  with  water... 

4  Hard  dry  clay 

5  Red    sand,    with    a 
little  water 

6  Loamy  sand,  with  a 
little  water 

7  Hard  dry  cla}' 

8  Rock,    mixed    \\  ith 
clay  and  water... 

9  Rock,     mixed    with 
clay 

10  Rock,  mixed  with 
gypsum 

1 1  ( Jypsum,  with  water 

12  Red  sandstone,  with 
small  veins  of 
gypsum,  &  water 

13  Rock  gypsum 

14  Brown  shale,  with 
water     ... 

15  Red  sandstone 

16  Red  sandstone,  with 
small  veins  of 
gypsum,  &  water 

17  Blue  sandstone,  with 
water  at  bottom 

18  Red  sandstone,  with 
water     ... 

Bottom  of  sink- 
ing, bored  below. 

19  Red  sandstone 

20  Red  and  white  sand- 
stone 

21  Red  sandstone 

22  Red  sandstone  and 
day        

23  Red  sandstone 

24  Red  sandstone  and 
day        

25  Bed  sandstone 

26  Strong  clay 

27  Red  sandstone  and 
clay        

28  Red  sandstone 

XVII. — No.  1  Boring  at  Middlesbrough  for  Messrs.  Bdckow,  Vaughan  mad  Company, 
commenced  to  pump  brine  on  August  17,  1886  [now  Clin  land  Salt  Co.,  Ltd.). 


No.    Description  of  Strata. 

1  Made  ground 

2  Dry  slime    ... 

3  Sand,  with  water... 

4  Hard  dry  clay 


Thick- 
ness of 

ri.   in. 
II     0 

Depth 
from 

Ft.    In. 
11     0 

8 

in 
10 

0 
(l 
0 

19     0 
29    o 
39    0 

1 

0 

40    0 

3 
15 

0 
0 

43    0 
58    0 

11 

0 

69    0 

1 

0 

70    0 

6 
2 

0 
0 

76    0 
78    0 

55 

6 

0 
0 

133    0 
139    0 

1 
4 

0 
0 

140     0 
144     0 

12 

0 

156    0 

3 

0 

159     0 

19 

0 

178    0 

437     4      615    4 


1 

6 

616 

10 

215 

7 

832 

5 

1 

0 

833 

5 

52 

3 

885 

8 

9 

0 

894 

8 

66 

5 

961 

1 

2 

9 

963 

10 

1 

6 

965 

4 

27 

5 

992 

9 

Thick- 

Deptl 

i 

lll-SS   lif 

from 

N".    Description  of  Strata. 

Surface. 

Ft 

In. 

It. 

In. 

•_'!(  Red   sandstone  and 

clay        

9 

0 

1,001 

9 

:;!)  Sandstone,    with    a 

vein  of  blue  rock 

I'.i 

4 

1,051 

1 

:;i   Red  and  blue  sand- 

... 

1 

5 

1,052 

6 

.".■_'  Red  sandstone 

6 

0 

1 ,058 

6 

.'!.'!  Red   sandstone  and 

thin      veins      of 

gypsum 

5 

1,059 

11 

34  Red  sandstone    and 

thin  veins  of  gyp- 

sum 

39 

8 

1,099 

7 

35  Red  sandstone,  with 

blue      clay     and 

gypsum ... 

1 

2 

1,100 

9 

36  Red  sandstone,  with 

veins  of  gypsum 

87 

3 

1,188 

0 

37  Gypsum 

3 

2 

1,191 

2 

3S  White  stone 

0 

8 

1,191 

L0 

39  Limestone  ... 

2 

8 

1,194 

6 

40  Blue  rock    ... 

0 

2 

1,194 

8 

41  Blue  clay    ... 

0 

2 

1,194 

10 

42  Hard  blue  and  red 

rock 

0 

1" 

1,195 

8 

43  White  stone 

2 

7 

1,198 

3 

44  Dark  red  rock 

1 

2 

1,199 

5 

45  Dark  red  rock, rather 

salt 

6 

7 

1,206 

0 

46  ROCK     SALT, 

rather  dark 

12 

7 

1,218 

7 

47  ROCK  SALT, very 

dark 

4 

1 

1,222 

8 

48  ROCK  SALT,  very 

light      

3 

6 

1,226 

2 

49  ROCK     SALT, 

rather  dark 

"27 

4 

1,253 

6 

50  ROCK  SALT,  very 

light       

43 

6 

1,297 

0 

51  ROCK     SALT, 

rather  light 

9 

0 

1,306 

0 

52  Limestone  ... 

1 

0 

1,307 

0 

53  Conglomerate, resem- 

bling  limestone, 

and  containing  a 

large  quantity  of 

salt        

6 

4 

1,313 

4 

Thick- 

Depth 

^  hick- 

Depth 

ness  of 

from 

ness  of 

from 

St  i-ata. 

fin-face. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft.    In. 

Ft.  In 

Ft.    In. 

Ft.   In. 

11    0 

11      0 

5  Red  sandstone,  with 

8    0 

19     0 

water 

1     0 

40     0 

10    0 

29    0 

6  Sand  or  loam,  with 

10    0 

39     0 

water 

3     0 

43     0 
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No.  Description  of  Strata. 

7  Hard  dry  clay 

8  Mixed      rock      and 

clay,   with  water 

9  Mixed      rock      and 

clay,  dry 

10  Mixed  rock  and  clay 

and  gypsum,  dry 

11  Shell  of   rock   with 

water 

12  Red  and  blue  rock, 

with  small  veins 
of  white  gypsum, 
and  water 

13  White  gypsum  rock, 

dry 

14  Brown    shale,    with 

water 

15  Red  sandstone 

16  Red  sandstone,  with 

small  veins  of 
white  gypsum  ... 

17  Blue  post  stone  and 

water 

18  Red  sandstone,  with 

water 

19  Red  sandstone 

20  Marl  

21  Sandstoue     and      a 

little  marl 

22  Soft   red   sandstone 

23  Hard  dark  red  sand- 

stone 

24  Hard  dark  red  sand- 

stone, a  little  softer 

25  Red  marl 

26  Red  sandstone,  with 

thin  layers  of 
marl 

27  Hard     dark     sand- 

stone, with  a 
little  mica 

28  Dark  red  sandstone, 

with  a  little  mica 

29  Rough  red  sandstone 

30  Rough     red     sand- 

stone, a  little 
darker    ... 

31  Fine  dark  red  sand- 

stone 

32  Rough  red  sandstone 

33  Red  sandstone,  with 

a  little  marl 

34  Red  sandstone,  with 

kernels  of  marl... 

35  Red    sandstone,     a 

little  harder 

36  Hard  red  sandstone 

37  Marl  

38  Soft  red   sandstone 

39  Red  marl    ... 

40  Soft  red   sandstone 

41  Hard  red  sandstone 

42  Soft  red  sandstone 


Thick- 
ness of 
Strata. 

Ft.  In. 

13  0 

11  0 

1  0 
6  0 

2  0 

55  0 

6  0 

1  0 

4  0 

12  0 

3  0 

19  0 

134  G 

6  6 

3  0 

35  0 


5  9 
3  3 


9  3 

20  3 


7  0 
12  3 


Depth 
from 

Surface. 
Ft,  In. 
56  0 

07  0 

6S  0 

74  0 

7b'  0 

131  0 

137  0 

138  0 
142  0 

154  0 

157  0 

176  0 
310  6 

317  0 

320  0 
355  0 


9  0   364  0 


369  9 
373  0 


7  0   380  0 


23  0   403  0 


412  3 
432  6 


9  6   442  0 


449  0 
461  3 


19  3   480  6 
8  6   489  0 


24. 

6 

513 

6 

8 

6 

522 

0 

12 

6 

534 

6 

34 

9 

569 

3 

9 

3 

578 

i; 

n 

0 

589 

6 

13 

0 

602 

0 

4 

6 

607 

0 

No.    Description  of  strata. 

43  Red  marl 

44  Soft  red  sandstone, 

with  thin   seams 
of  marl  ... 

45  Hard  red  sandstone, 

with  a  little  mica 

46  Hard  red  sandstone 

and  marl 

47  Marl  

48  Red  sandstone 

49  Hard  red  sandstone 

aud  marl 

50  Red  marl 

51  Red  sandstone  and 

marl 

52  Soft  red   sandstone 

53  Soft  red  sandstone, 

with  a  little  marl 

54  Hard  red  sandstone, 

with    marl   part- 
ings          

55  Hard  red  sandstone 

and  marl 

56  Soft    red  sandstoue 

57  Red  marl 

58  Hard  red  sandstone 

and  marl 

59  Red  marl 

60  Fine  dark  red  sand- 

stone 

61  Hard     dark     sand- 

stone, with  marl 
partings 

62  Marl  and  a  little  red 

sandstone 

63  Dark  red  sandstone 

64  Marl,  with  partings 

of  sandstone 

65  Red  sandstone 

66  Red  sandstone,  with 

marl  partings    ... 

67  Red  marl    ... 

68  Hard  dark  red  sand- 

stone 

69  Hard  dark  red  sand- 

stone and  marl . . . 

70  Hard  red  sandstone 

7 1  Red  marl    ... 

72  Red  sandstone,  with 

veins  of  marl     . . . 

73  Red  sandstone 

74  Red  marl 

75  Hard  red  sandstone, 

with    thin   layers 
of  marl 

76  Red  marl    ... 

77  Hard  red  sandstone, 

with  grey  spots... 

78  Hard  sandstone  and 

red  marl... 

79  Red  marl    ... 

80  Hard  red  sandstone 

and  marl 


Thick- 
ness of 
Strata. 
Ft.    In. 

13     6 

Depth 
from 

Surface. 
Ft.  In 

620     6 

19 

9 

640     3 

28 

3 

668     6 

29 
14 

8 

0 
6 
6 

697     6 
712    0 
720    6 

25 
15 

6 
9 

746     0 
761     9 

9 
20 

3 
3 

771     0 
791     3 

5 

6 

796    9 

6 

6 

803    3 

7 

4 

10 

9 
6 
6 

811     0 
815    6 

826    0 

9 
11 

3 
3 

835     3 
846     6 

12 

6 

859    0 

11  6  870  6 

6  9  877  3 
9  3  886  6 

18  SS8  2 

7  10  896  0 

2  0  89S  0 

21  6  919  6 

4  6  924  0 

5  6  929  6 

4  3  933  9 
21  9  955  6 

9  9  965  3 

5  9  971  0 
43  0  1,014  0 


8  0  ',022  0 

4  0  J, 026  0 

2  6  !,028  6 

11  3  i,039  9 

7  9  1,047  6 

15  0  1,062  6 
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Ko.    Description  of  Strata. 

81  Red  marl 

82  Hani  red  sandstone 

and  marl 

s.">  Red  marl    ... 

si  Red  marl,  with  thin 
seam  ^  of  red  sand- 
stone 

83  Hani  red  marl,  with 

a  little  red  Band- 
stone 

86  Hard  red  .sandstone 

and  marl 

87  Very  hard  red  marl 

88  Hard  marl  and  sand- 

stone mixed 

89  Hard  marl 

90  Very  hard  marl  and 

sandstone 

91  Magncsian  limestone 

and  gypsum  rock 

92  Magnesianlimestone 

much  lighter     ... 

93  Magnesianlimestone 


Thick- 
Strata. 
Ft.  In. 
15     6 

10    9 

5    !) 


Depth 
from 

Surface. 

li.    In 

1,078    0 

1,088    9 
1 ,094    6 


20    6  1.115     0 


9    0  1,124    0 


8 

4 

0  1,132 
0  1,136 

0 

G 

17 
15 

0  1,153 
0  1,168 

6 
6 

16 

3  1,184 

9 

2 

9  1,187 

6 

0 
2 

10  1,188 
0  1,190 

4 

4 

\.  .    Description  of  Strata. 

!i  i  Band  ol  blue  rock.. 
95  Red  and  w  bite  rock 
!i  j  Hard   gypsum   and 
lime 

97  Red  and  white  rock, 

rather  salt 

98  Marl    and   rock  SO& 

99  Hard     marl,     with 

blue  spots,  rather 

Salt  

100  Marl  and  dark  col- 

oured rock  salt  .  . 

101  ROCK  SALT     ... 

102  Hard  red  marl  and 

sail 

103  Very  hard  blue  marl 

and  8dlt... 

104  SALT  and  a  little 

red  marl 

105  Solid       grey     gyp- 

sum 

106  SALT  and  gypsum 

107  Solid  gypsum 


Tliick-  Depth 

ness  of 

Strata.        Surface. 

I  |     [n,        Ft.   In. 

0    3  1,190    7 

0  5  1,191     0 

1  0  1,192    0 

14     0  1,206     0 

2  0  1,208    0 


5  0  1,213  0 

7  0  1,220  0 

66  0  1,286  0 

0  6  1,286  6 

1  0  1,287  6 
7  3  1  291  9 

0  6  1,295  3 

1  0  1,296  3 
3  9  1,300  0 


Analysis  of  No.  93  :— Sulphate  of  lime  27,  carbonate  of  lime  40|,  and  carbonate 
of  magnesia  32f  per  cent. 


XVIII. No.  1  Boring,  near  North  Ormesby  Toll  Bar,  for  the  Owners  of  the 

Middlesbrough  Estate,  Limited,  June,  1887. 


No.    Description  of  Strata. 

1  Brown  clay 

2  Brown      clay     and 

stones     ... 

3  Hard       clay       and 

cobbles  ... 

4  Red  and  grey  marl 

5  Rotten  grey  marl... 

6  Red  marl 

7  Red  and  grey  marl 

8  Red      marl,      with 

veins      of      gyp- 
sum 

9  Red  and  grey  marl, 

very  hard 

10  Red      marl,      with 

veins  of  gypsum 

11  Red  marl 

12  Red  and  grey  marl, 

very  hard 

13  Red  and  grey  marl, 

with      veins      of 
gypsum ... 

14  Red  and  grey  marl 

15  Grey     marl,     with 

veins  of  gypsum 

16  Red  and  grey  marl 

17  Red      marl,      with 

veins  of  gypsum 


Thick- 
ness of 
Strata. 
Ft.  In. 
6     0 


24      0 


1     6 


Depth 
from 

Surface. 

Ft.  In. 
6     0 

30     0 


34 
39 
40 
42 
43 


50 
51 


58 
59 

66 

68 


5     0        48     6 
10        49     6 


12     0        80     6 


No.    Description  of  Strata. 

18  Grey     marl,     with 

veins  of  gypsum 

19  Red      marl,      with 

veins  of  gypsum 

20  Grey     marl,     with 

veins  of  gypsum 

21  Red  and  grey  marl, 

With      veins      of 
gypsum 

22  Red      marl,      with 

veins  of  gypsum 

23  Red  and  grey  marl, 

with      veins      of 
gypsum  ... 

24  Red      marl,      with 

veins  of  gypsum 

25  Grey      marl,     with 

veins  of  gypsum 

26  Red      marl,      with 

veins  of  gypsum 

27  Red  and  grey  marl, 

with      veins      of 
gypsum 

28  Red      marl,      with 

veins  of  gypsum 

29  Red  and  grey  marl, 

with      veins      of 
gypsum 


Thick- 
ness of 
Strata. 
Ft.   In. 

Deptli 

from 

Surface. 

Ft.  In. 

3     0 

83     6 

6     6 

90     0 

11     0 

101     0 

8    0 

109     0 

5    0 

114     0 

4     6 

118     6 

3     6 

122     0 

1     0 

123     0 

14     0 

137     0 

11     6 

148    6 

12    0 

160    6 

10    0      170    6 
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Thick- 
ness of 
Strata. 
Ft.  In. 

5    0 

4    0 
25     2 


No.  Description  of  Strata. 

30  Red      marl,      with 

veins  of  gypsum 

31  Grey      marl,     with 

veins  of  gypsum 

32  Red  and  grey  marl 

33  Red  and  grey  marl, 

with      veins      of 
gypsum ...         ...    21     4 

34  Hard  grey  marl    ...      3     0 

35  Rotten      red      and 

grey  marl  ...      3     0 

36  Red  and  grey  marl, 

with      veins      of 
gypsum  ...         ...      2    6 

37  Rotten  red  and  grey 

marl        ...         ...      1     0 

38  Red  and  grey  marl, 

with      veins      of 
gypsum  ...         ...       1     6 

39  Red  and  grey  marl      5     0 

40  Blue  marl  ...         ...      50 

41  Red  and  grey  marl, 

with      veins      of 
gypsum  ...         ...      2    0 

42  Red  and   grey  marl, 

with  veins  of  gyp- 
sum, broken      ...      2     0 

43  Blue      marl,      with 

veins  of  gypsum      2     8 

44  Gypsum      ...         ...      1     0 

45  Grey     marl,      with 

veins   of  gypsum      5  10 

46  Red  marl 16     6 

47  Red  and  grey  sand- 

stone      ...         ...      4    0 

48  Red  sandstone      ...  267     6 

49  Red     sandstone, 

broken 41  0 

50  Grey  sandstone     ...  2  0 

51  Red  sandstone       ...  10  0 

52  Grey  sandstone     ...  1  0 


Depth 

from 

Surface. 

Ft.  In. 

175 

6 

179 
204 

6 

8 

226 
229 

0 
0 

232 

0 

234 

6 

235 

6 

237 
242 
247 

0 
0 
0 

249 

0 

251 

0 

253 
254 

8 
8 

260 
276 

6 
6 

280 
548 

6 
0 

589 
591 
601 
602 

0 
0 
0 
0 

No.  Description  of  Strata. 


-39 

60 

01 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
7-2 
73 
71 


Red  sandstone 

Red  marly  sand- 
stone 

Red  sandstone 

Red  marl    ... 

Red  sandstone 

Red  sandstone,  with 
small  beds  of 
marl 

Red  sandy  marl     . . . 

Red  sandstone 

Red  marl    ... 

Red  sandstone 

Red  marl    ... 

Red  sandstone 

Marl  

Red  sandstone 

Red  marl 

Red  sandstone 

Red  sandy  marl    . . . 

Red  sandstone 

Red  sandy  marl    ... 

Red  marl    ... 

Red  sandy  marl    ... 

Red  sandy  marl, 
with  veins  of  gyp- 
sum 

Red  sandy  marl 

Red  marl    ... 

Red  marl,  with  veins 
of  gypsum 

White  stone,  anhy- 
drite 

Red  marl,  very 
much  broken     ... 

Marl,  containing 
salt  

ROCK  SALT     ... 

Anhydrous  gypsum 

ROCK  SALT      ... 

Anhydrous  gypsum 


Thick- 
ness of 
Strata. 
Ft.   In. 

147  0 

2  0 

131  10 

7  0 

57  4 


20  6 

7  6 

38  10 


Depth 

from 

Surface. 

Ft.  In. 

749  0 

751  0 
882  10 
889  10 
947  2 


1  0 

4  0 
0  9 


15  6 

17  6 

8  1 

S  0 

45  11 


12  1 
10  3 
20  3 


140  2  1 


8  6  1 


12  6  1 


1  2 

79  1 

6  0 

10  0 

4  0 


967 
975 
014 
021 
022 
023 
027 
028 
035 
037 
041 
056 
074 
082 
090 
136 


148 

158 

178 


318  9 
327  3 


339  9 


340 
420 
426 
436 
440 


XIX. — Diamond-boring  at  the  Imperial  Iron  Works,  Eston,  by  Mr.  John  Vivian,  1887. 


No.  Description  of  Strata. 

1  Slag 

2  Loamy  clay 

3  Blue  clay    ... 

4  Sandy  clay... 

5  Fine  red  pinnel     . . . 

6  Red  pinnel... 

7  Hard  brown  pinnel 

8  Hard  brown  pinnel, 

with  small  cobbles 

9  Brown  pinnel 

10  Red  marl   ... 

11  Red  and  blue  marl 

12  Red  and  blue  marl, 

with  gypsum    . . . 

13  Hard  blue  marl     ... 

14  Blue  and  red  marl 


Thick- 
ness of 
Strata. 
Ft.  In. 
13    6 


1 
15 


12  0 

6  0 

1  0 

5  6 

5  6 

6  6 
6  6 

33  4 


38 
51 
14 


Depth 

from 

Surface. 

Ft.  In. 

13  6 

14  6 
30  0 
42     0 

48  0 

49  0 
54    6 

60  0 

66  6 

73  0 

106  4 

144  8 
196  1 
210     4 


No.  Description  of  Strata. 

15  Red  and  blue  marl, 

with  gypsum    . . . 

16  Red  and  grey  sand- 

stone   and   marl, 
mixed 

17  Red  and  grey  sand- 

stone 

18  Red  sandstone 

19  Red  sandstone,  with 

marl  joints 

20  Red  and  grey  sand- 

stone, with  marl 
joints 

21  Red  sandstone,  with 

marl  joints 

22  Eed  sandy  marl    ... 


Thick- 
ness of 
Strata. 
Ft.  In. 


Depth 

from 

Surface. 

Ft.  In. 


6     0      216     4 


311     6      527  10 


1     9 
139     9 


529     7 
669     4 


106  11      776    3 


94    6      870    9 


102    9 

7    6 


973    6 
981     0 
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No.  Description  of  Strata 

23  Red  sandstone,  with 

marl  joints 

24  Red  sandstone,  with 

hods  of  marl 

25  Rod  marl,  with  hlue 

spots 

26  Red  sandstone,  with 

hods  of  marl     ... 

27  Red  marl,  with  blue 

spots 

28  Red  sandstone,  with 

mail  beds 

29  Red  marl 

30  Red  sandstone,  with 

marl  beds 

31  Red  marl    ... 

32  Red  sandy  marl    ... 

33  Red  sandstone 

34  Red  sandy  marl    . . . 

35  Red     sandy     marl, 

with     blue     spots 
and  gypsum  joints 

36  Red  marl,  with  veins 

of  gypsum 


Thick-         Depth 
dou  'if         from 

Strata.        Surface. 
Ft.    In.        Ft.    In. 

65 

8  1,046     S 

57 

7  1,104     3 

Hi 

0  1,120     3 

OS 

11  1,226    2 

13 

0  1,239    2 

2fi 
12 

6  1,265     8 
3  1,277  11 

13 
21 
11 

7 
3 

7  1,291     6 
0  1,312    6 
0  1,323     6 
0  1,330     6 
0  1,333     6 

21 

0  1,354     6 

13 

0  1,367     6 

No.  Description  of  strata. 

:;7  Bed  marl,  with 
blue  spots  and 
veins  of  gyp- 
sum 

38  Red  marl,  with  veins 

of  gypsum 

39  Red     sandy     marl, 

with  veins  of  gyp- 
sum and  blue 
spots 

40  Red  marl,  with  veins 

of  gypsum  and 
blue  spots 

41  Red  marl,  with  veins 

of  gypsum 

42  Anhydrite  ... 

43  Red    marl,     with  a 

little  salt 

44  Marl  and  salt 

45  ROCK  SALT      ... 

46  Anhydrite  ... 

47  SALT  and  anhydrite, 

honeycombed    . . . 

48  Anhydrite  . . 


Thick- 
ness of 
Strata. 
Ft.    In. 


4     0 


0     6 


Depth 
from 

Surface-. 

Ft.   In. 


1.371  6 

1.372  0 


19     9  1  391     9 


83     3  1,475     0 


61 
14 

9  1,536 
3  1,551 

•J 
0 

11 
25 
48 
41 

4  1,562 
8  1,588 
0  1,636 
6  1,677 

4 
0 

0 
6 

12 
1 

9  1,690 
9  1,692 

3 
0 

XX. — No.  1  Diamond-boriny  (91-inch  hole)  at  South  Bank  Iron  Works,  Eston,  by  Mr. 
John  Vivian,  for  Messrs.  Bolckoio,  Vauyhan,  and  Company,  Limited,  1S85 
(now  Cleveland  Salt  Company,  Limited). 


No.  Description  of  Strata. 

1  Made  ground 

2  Sandy  blue  clay    . . . 

3  Dark  brown  clay  . . . 

4  Soft  red  marl 

5  Brown  pinnel 

6  Hard  brown  pinnel 

7  Soft  red  marl 

8  Red  marl    ... 

9  Red  and  blue  marl, 

with  veins  of  gyp- 
sum 

10  Red  and  blue  marl, 

with  veins  of  gyp- 
sum 

11  Red  and   blue  marl 

with  veins  of  gyp- 
sum 

12  Red       marl,      with 

veins      of      gyp- 
sum 

13  Red  and  blue  marl, 

with  veins  of  gyp- 
sum 

14  Red  and  blue  shale, 

with  veins  of  gyp- 
sum 

15  Blue    shaly      sand- 

stone       

16  Red  sandstone,  with 

thin  beds  of  gyp- 
sum and  shale  . . . 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface 

Ft.   In. 

Ft.   In. 

6    0 

6    0 

10    0 

16    0 

7    0 

23    0 

2    0 

25     0 

1     0 

26    0 

15    0 

41     0 

6    0 

47     0 

16  10 

63  10 

7  0   70  10 


3  0   73  10 


21  3   95  1 


46  8   141  9 


15  3   157  0 


325 

2 


0   482  0 
0   484  0 


10  0   494  0 


No.  Description  of  Strata. 

17  Sandstone,      with 

thin  beds  of  shale 

18  Red  sandstone 

19  Red  sandstone,  with 

thin  beds  of  marl 

20  Red  sandy  marl    ... 

21  Red  sandstone 

22  Red  sandy  marl    ... 

23  Red  sandstone,  with 

small  beds  of  marl 

24  Red  marl 

25  Red  sandstone,  with 

beds  of  marl 

26  Red  marl    ... 

27  Red  sandstone,  with 

veins  of  marl     . . . 
2S  Red  sandstone,  M-ith 
beds  of  marl 

29  Red  marl,  with  beds 

of  red  sandstone 

30  Red  sandstone,  with 

beds  of  marl 

3 1  Red  marl,  with  sand- 

stone 

32  Red  marl    ... 

33  Red     sandy     marl, 

with  veins  of  gyp- 
sum 

34  Red  sandy  marl,  with 

blue     spots     and 
veins  of  gypsum 


Thick-          Depth 
ness  of          from 
Strata.        Surface. 
Ft.   In.        Ft.   In. 

11 
115 

0      505    0 
8     920    8 

39 

8 

29 

4 

0      959     8 
6      968    2 
0      997    2 
2  1,001     4 

46 

8 

0  1,047    4 
6  1,055  10 

34 
17 

6  1,090    4 
S  1,10S    0 

18 

0  1,126     0 

20 

7  1,246    7 

21 

11  1,268    6 

14 

6  1,283    0 

4 
43 

6  1,287    6 
0  1,330    6 

6    0  1,336     6 


36    6  1,373    0 


CLEVELAND  A.WD  SOUTH  Dt'KHAM  SAT/I'  INDUSTRY, 


109 


No.  Description  of  Strata. 

35  Red     sandy     marl, 

with  thin  veins  of 
gypsum 

36  Red     sandy    marl, 

with  veins  of  gyp- 
sum and  blue 
spots 

37  Red     sandy     marl, 

with  veins  of  gyp- 
sum 
3S  Red  sandy  marl, 
with  veins  of 
gypsum  and  blue 
spots 


Thick-  Depth 

ness  of  from 

Strata.  Surface. 

Ft.    In.  Ft.   In. 


78    0  1,451     0 


9     6  1,460     6 


10    01.470    6 


60    6  1.531     0 


No.  Description  of  Strata. 

39  Hard    white   stone, 

anhydrite 

40  Red     sandy     marl, 

with  salt. 

41  Red  marl,  with  salt 

42  ROCK  SALT      ... 

43  Hard   white    stone, 

with  salt 

44  Hard  white  stone... 

45  Hard    stone   and   a 

little  salt 

46  Hard    white   stone, 

with  a  little  salt 
in  it 


Thick-  Depth 

ness  of  from  . 

Strata.  Surface. 

Ft.   In.  Ft.    In. 

11     6  1;542    6 

21     0  1,563    6 

6     3  1,569     9 

81     0  1,650    9 

1     6  1,652    3 
1     6  1,653    9 

18    0  1,671     9 


7  11J  1,679 


XXI. — Diamond-boring  (12-inch  hole)  on  the,  Lackenby  Foreshore  Estate,  by 
Messrs.  Mather  and  Piatt,  1889. 


No.  Description  of  Sti  a4  a. 


1  Clay  and  gravel    . . . 

2  Hard  red  clay  and 

a  little  gypsum . . . 

3  Red  marl  and  thin 

rock 

4  Red  mail  and  bed  of 

blue  marl 

5  Bed  of  hard  rock  . . . 

6  Blue  and  red  marl. . . 

7  Dark  red  marl  arid 

blue  stone 
S  Hard  blue  stone    ... 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness 

of 

from 

Strata. 

Surface. 

No.  Description  of  Strata. 

Strata. 

Surface. 

Ft.   Id. 

Ft. 

In. 

Ft. 

In. 

Ft.  In. 

13    0 

13 

0 

9  Red  marl    ... 

217 

0 

597     0 

10  Red  sandstone 

598 

0 

1,195     0 

11     8 

24 

8 

1 1  Red  marl    ... 

12  Red  marl  and  sand- 

77 

0 

1,272    0 

62    4 

87 

0 

stone  beds 

371 

0 

1,643     0 

13  Hard  white  rock  ... 

20 

0 

1,663     0 

59    8 

246 

8 

14  Honeycomb  marl  ... 

9 

0 

1,672    0 

8     4 

255 

0 

15  SALT     and    marl, 

88    0 

343 

0 

mixed 
16ROCK      SALT, 

13 

0 

1,6S5    0 

30    0 

373 

0 

clean 

119 

0 

1,804     0 

7     0 

3S0 

0 

17  White  rock 

2 

0 

1,806     0 

XXII. — No.  1  Diamond-boring  at  Port  Clarence,  by  Mr.  John  Virion,  for  Mt  jsrs. 
G.  Allhusen  and  Sons. 


No.  Description  of  Strata. 

1  Peat     and     muddy 

sand 

2  Dark   muddy    sand 

3  Dark  sand  ... 

4  Sand  and  gravel    . . . 

5  Dark  sandy  clay  . . . 

6  Sandy  clay 

7  R-unning  sand 

8  Sand  and  gravel    . . . 

9  Hard  bound  gravel 

10  Strong  red  pinnel  ... 

1 1  Grey  sandy  clay    . . . 

12  Red  pinnel 

13  Red  and  blue  shale 

14  Red     sandy    shale, 

with  gypsum     . . . 

15  Red  and  grey  sandy 

shale,  with  gypsum 

16  Grey     sandy  shale, 

with  gypsum 


Thick- 

Depth 

ness 

of 

from 

Strata. 

Surface. 

Ft. 

In. 

Ft.    In. 

10 

0 

10    0 

6 

0 

16     0 

4 

0 

20    0 

4 

0 

24    0 

4 

0 

28    0 

17 

0 

45    0 

35 

0 

80    0 

4 

0 

84    0 

3 

0 

87    0 

7 

0 

94     0 

1 

0 

95     0 

4 

0 

99    0 

17 

0 

116    0 

18 

0 

134    0 

3 

6 

137     6 

6 

6 

144    0 

No.  Description  of  Strata. 

17  Red  and  grey  sandy 

shale,  with   gyp- 
sum 

18  Grey    samly    shale, 

with  gypsum     ... 

19  Red  and  grey  sandy 

shale,  with   gyp- 
sum 

20  Red  shale 

21  Red  and  grey  sandy 

shale 

22  Soft  red   sandstone 

23  Red  sandstone  .    ... 

24  Red  shale 

25  Red  sandstone 

26  Red  shale,  withbeds 

of  sandstone 

27  Red  sandstone 

28  Strong  red  shale   . . . 

29  Red  sandstone 


Thick- 
ness of 
Strata. 
Ft.   In. 


29     0 
4     6 


3  0 

17  0 

12  3 

119  6 

193  9 

5  6 

33  0 

5  0 

41  0 


Depth 
from 

Surface. 

Ft.    In. 


173    0 

177    6 


180 
197 


209  9 

329  3 

523  0 

528  6 

561  6 

566  6 

607  6 

609  0 

613  0 


no 
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No.  Description  of  Strata. 

30  Strong  red  shale    ... 

31  Red  Bandstone 

32  Strong  red  shale    ... 

33  Red  sandstone 

34  Strong  red  shale  ... 

35  Red  shale,  with  beds 

of  sandstone 

36  Red  sandstone 

37  Kid  sandstone,  with 

beds  of  shale     . . . 

38  Strong  red  shale    . . . 

39  Red  sandstone 

40  Red  shale 

41  Red   sandstone  and 

shale  ... 

42  Strong  red  shale   ... 

43  Strong    red     shale, 

with  light  blue 
spots 

44  Red  sandstone,  with 

light  blue  spots 

45  Red     shaly     sand- 

stone 

46  Red  sandy  shale   ... 

47  Red     sandy     shale, 

with  light  blue 
spots 

48  Red  sandstone,  with 

red  shale  beds  ... 

49  Red      shale,      with 

veins  of   gypsum 

50  Red  shale,  with  beds 

of  sandstone 

51  Red      shale,      with 

small  blue  joints 
and  veins  of 
gypsum 

52  Red  sandstone  with 

veins  of  gypsum 

53  Red       and        grey 

shale  and  gypsum 
mixed 

54  Gypsum      


Thick- 

Depth 

Thick-          Depth 

lieBS  "1 

from 

neat 

of          from 

Btrata. 

Surface. 

No.  Description  of  Strata. 

Strata.       Surface. 

Ft. 

in. 

to. 

in. 

Ft. 

In.        Ft. 

In. 

5 

0 

618 

0 

55  Hard    grey    stone, 

34 

0 

652 

0 

with  thin  veins  of 

1 

0 

653 

0 

gypsum 

14 

0   1,067 

6 

1 

0 

654 

0 

i     56  Hard  grey  stone    ... 

10 

0  1,077 

0 

11 

0 

665 

0 

57  Hard    grey     stone, 

with  gypsum     ... 

6 

6  1,084 

0 

8 

0 

673 

0 

58  Grey     stone,     with 

17 

0 

690 

0 

veins  and  spots  of 

gypsum 

9 

0  1,093 

0 

61 

0 

751 

0 

59  Magnesian limestone 

8 

6 

759 

6 

and  gypsum 

4 

0  1,097 

0 

29 

6 

789 

0 

60  Magnesian  limestone 

28 

0  1,125 

0 

9 

6 

798 

6 

61  Magnesian  limestone, 

with  gypsum     ... 

3 

0  1,128 

0 

19 

6 

S18 

0 

62  Magnesian  limestone 

33 

0  1,161 

0 

10 

0 

828 

0 

63  Anhydrite 

5 

0  1,166 

0 

64  White  gypsum 

13 

6  1,179 

6 

65  White  rock 

11 

0  1,190 

6 

6 

6 

834 

6 

66  Magnesian        lime- 

stone 

22 

6  1,213 

0 

5 

0 

839 

6 

67  Magnesian     lime- 
stone, with  veins 

16 

6 

856 

0 

of  gypsum 

6 

0  1,219 

0 

9 

0 

S65 

0 

68  Magnesian        lime- 

stone 

11 

0  1,230 

0 

69  Anhydrite 

3 

0  1,233 

0 

17 

0 

882 

0 

70  Dark     grey      lime- 
stone, with  gyp- 

22 

0 

904 

0 

sum    and    black 

joints 

7 

0  1,240 

0 

18 

0 

922 

0 

71  Dark     grey      lime- 

stone 

5 

0  1,245 

0 

46 

0 

968 

0 

72  Anhydrite  ... 

73  Limestone,        with 

1 

0  1,246 

0 

gypsum...         ... 

3 

0  1,249 

0 

74  Dark     grey     lime- 

60 

6 

1,028 

6 

stone,  with  gyp- 
sum   and     black 

12 

0 

1,040 

6 

joints 
75  Dark     grey     lime- 

5 

0  1,254 

0 

stone 

4 

0  1,258 

0 

12 

0 

1,052 

6  i 

76  Magnesian        lime- 

1 

0 

1,053 

6 

stone  and  gypsum 

2 

0  1,260 

0 

XXIII. — No.  1  (or  Eastern  J  Boring  at  Haverton  Hill,  for  the  South  Durham  Salt 
Company,  Limited  (now  Salt  Union,  Limited). 


Thick- 

Deptli 

Thick- 

Depth 

ness  of 

from 

ness 

of 

from 

lo.  Description  of  Strata. 

Strata. 

Surface. 

No.  Description  of  Strata. 

Strata. 

Surface. 

Ft.   In. 

Ft.  In. 

Ft. 

In. 

Ft.  In. 

1  Soil 

1     0 

1     0 

9  Gravel   and    pinnel 

2  Yellow  clay 

3    0 

4     0 

mixed     ... 

1 

5 

62     9 

3  Blue  clay    ... 

35     3 

39    3 

10  Red  sandstone 

31 

9 

94     6 

4  Brown  sand 

0     9 

40    0 

11  Grey  sandstone     ... 

1 

0 

95     6 

5  Tough  brown  pinnel 

12     0 

52    0 

12  Red  sandstone 

35 

6 

131     0 

6  Blue  pinnel 

3  10 

55  10 

13  Red  marl    ... 

1 

0 

132    0 

7  Brown  sandy  pinnel 

2     S 

58     6 

14  Red  sandstone 

45 

0 

177    0 

8  Hard  bound  gravel, 

15  Red  and  grey  sand- 

with pinnel 

2  10 

61     4 

stone 

10 

0 

187    0 

CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY. 


Ill 


No.    Description  of  Strata. 

16  Red  sandstone 

17  Red  and  grey  sand- 

stone 
IS  Red  sandstone 

19  Red  marl    ... 

20  Red  sandstone 

21  Red  sandstone,  with 

marl  joints 

22  Red  sandstone 

23  Red  marl 

24  Red  sandstone,  very 

jointy     

25  Red  sandstone 

26  Red  marl    ... 

27  Red     sandstone, 

jointy 

28  Red  marl 

29  Red  sandstone,  with 

marl  joints 

30  Red  sandstone 

31  Red  sandstone,  with 

marl  joints 

32  Red  sandstone 

33  Red  sandstone,  with 

marl  joints 

34  Red  marl 

35  Red  sandstone 

36  Red  marl    

37  Red  sandstone 

38  Red  sandy  marl    ... 

39  Red  marl 

40  Sandstone  ... 

41  Sandy  marl 

42  Red  sandy  marl    ... 

43  Red  sandstone 

44  Red  marl    ... 


Thick- 
ness  of 
Strata. 

Ft.  In. 

13  0 

18  6 

21  0 

2  6 

28  6 

25  7 

25  7 

1  6 

8  6 

37  0 

4  0 

40  5 

12  0 

11  6 

8  5 

21  9 

22  5 

11  0 

8  0 


33 

5 

19 

22 
8 
2 
3 

27 
5 

14 


Depth 

from 

Surface. 

Ft.    In. 
200    0 

218     6 
239     6 


242 
270 

0 
6 

296 

1 

321 

8 

323 

2 

331 

8 

368 

8 

372 

S 

413 

1 

425 

1 

436 

7 

445 

0 

466 

9 

4S9 

2 

500 

2 

508 

2 

541 

7 

546 

7 

566 

3 

588 

7 

596 

10 

598 

10 

602 

7 

629 

11 

634 

11 

649 

7 

No.    Description  of  Strata. 

45  Red  marl,  strong  . . . 

46  Strong   marl,    with 

gypsum  ... 

47  Strong  marl 

48  Red  sandy  marl    ... 

49  Red  marl,  with  long 

vein  of  gypsum... 

50  Red  sandy  marl    . . . 

51  Red  marl,  with  gyp- 

sum joints 

52  Red  sandy  maid 

53  Red  marl,  with  veins 

of  gypsum 

54  Red  marl    ... 

55  Red      marl,       with 

large      veins     of 
gypsum 

56  Red   sandy      marl, 

with      gypsum 
joints 

57  Red  marl,  with  gyp- 

sum 

58  Anhydrite ... 

59  Red  marl,  contain- 

ing a  little  salt... 

60  Dark  red  marl,  con- 

taining salt 

61  SALT        

62  SALT  and  gypsum 

mixed     ... 

63  Gypsum,  containing 

salt 

64  Gypsum 

65  SALT         

66  SALT  and  gypsum 

67  Anhydrite  ... 


Thick- 
ness of 
Strata 
Ft.    In. 
2     0 

S  3 
14  8 
22  10 


13  6 

3  0 

4  4 
6  0 


56     5 
9    6 


Depth 
from 

Surface. 

Ft.   In. 

651     7 

659  10 
674  6 
697    4 

707  0 
716     1 

729  7 
732    7 

736  11 

742  11 


24    6      767    5 


22  11      790    4 


846     9 
856     3 


11     1  867  4 

3    0  870  4 

86    6  956  10 

10  10  967  S 

10  968  8 

5    0  973  8 

8  10  982  6 

16     8  999  2 

7    2  1,006  4 


XXIV. — No.  4  (or  Western)  Boring  at  Harerton  Hill,  for  the  South  Durham  Salt 
Company,  Limited  (now  Salt  Union,  Limited). 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

fri  mi 

ness 

of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata, 

Surface. 

Ft.   In. 

Ft.   In. 

Ft. 

In. 

Ft.   In. 

1  Soil 

1    0 

1     0 

14  Red  sandstone 

34 

0 

351     2 

2  Yellow  clay 

4    0 

5    0 

15  Red  marl    ... 

9 

6 

360    8 

3  Brown  clay 

10    0 

15    0 

16  Red  sandstone 

79 

10 

440    6 

4  Brown  clay  and  cob- 

17 Bed  marl    ... 

1 

0 

441     6 

bles 

17    0 

32    0 

18  Red  sandstone 

70 

6 

512     0 

5  Brown  sand  and  clay 

3     1 

35     1 

19  Bed  sandy  marl    ... 

64 

6 

576     6 

6  Loamy  sand 

12    5 

47    6 

20  Red  marl 

72 

10 

649     4 

7  Brown  pinnel 

15     0 

62    6 

21  Bedinarl,  with  veins 

8  Yellow   sandy   clay 

1     9 

64     3 

of  gypsum 

140 

6 

789  10 

9  Brown  pinnel 

4    9 

69     0 

22  Anhydrite 

6 

0 

795  10 

10  Red  sandstone 

160    6 

229    6 

23  Salty  marl 

14 

0 

809  10 

11  Red  marl 

4    0 

233     6 

24  Bed  salty  marl 

3 

0 

812  10 

12  Bed  sandstone 

79    0 

312    6 

25  ROCK  SALT     ... 

104 

6 

917     4 

13  Red  marl    ... 

4    8 

317     2 

26  Gypsum      

7 

6 

924  10 

112 


CLEVELAND    \N'1>  SOUTH    Ml-i:ll  All   s.W.T  IXDTTBTBY, 


XXV. — Diamond-horiixi  at    Westfidd,  Haverton  Hill,  hy  Mr.  John 
[fay  SO  to  November  .'/,  1886.     (Now  Wt 
Salt  Company,  Limited). 


No.    Description  of  strata. 

1  Soil 

2  Yellow  clay 

3  Brown  clay 

4  Sand  

5  Hard  red  clay  and 

cobbles  ... 

6  Sand  

7  Tough  brown  pinnel 

8  Sand  

9  Red  clay     

10  Sand  

11  Brown  sandy  clay... 

12  Brown  pinnel 

13  Tough  brown  pinnel 

14  Rough  sand  and  fine 

gravel     ... 

15  Bound  gravel 

16  Hard  bound  gravel 

17  Red  sandstone 

18  Red  sandstone 

19  Red  sandstone,  with 

veins  of  spar     ... 

20  White  sandstone  ... 

21  Red  sandstone 

22  Red  sandstone 

23  Soft  red  marl 

24  Red  sandstone 

25  Red  sandstone 

26  Red  marl 

27  Red  sandstone 

28  Red  sandstone 

29  Sandy  marl 

30  Red  marl 

31  Red  sandstone 

32  Red  sandstone 

33  Red  marl 

34  Red  sandstone 


Thick- 
Strata. 
Ft.    In. 


6 

0 
8 
2 
1 

11 
1 
3 
9 

3 
0 
3 


30     5 


69  11 
35  7 
8  0 
6 
0 
0 
6 
9 
0 
3 
0 
0 
0 
3 


24 

r.l 

4 

11 

23 

8 

10 

20 

59 

3 

23 


Depth 
from 

Surface. 
Ft.  In. 


1 

3 

11 

13 

20 
20 
29 
31 
32 
44 
45 
48 
57 

60 
61 
64 
73 
103 

119 
124 
194 
230 
238 
262 
316 
320 
332 
355 
363 
374 
394 
453 
456 
480 


No.    Description  of  Strata. 

35  Red  marl 

36  Red  sandstone 

37  Red  sandstone 

38  Red  marl 

.";!)  Sandy  marl 

40  Ked  marl    ... 

4 1  Sandy     marl,    with 

veins   of  gypsum 

42  Red  marl    ... 

43  Red  marl,  with  veins 

of  gypsum 

44  Red  marl 

45  Red  marl 

46  Red  marl,  with  veins 

of  gypsum 

47  Red  marl,  with  veins 

of   gypsum 

48  Red      marl,      with 

veins  of  gypsum 

49  Anhydrite  ... 

50  Red    marl,     rather 

salty 

51  Red  salty  marl 

52  Red  marl,    contain- 

ing salt  ... 

53  ROCK  SALT  ... 

54  ROCK  SALT  ... 

55  ROCK  SALT  .. 

56  ROCK  SALT  ... 

57  ROCK  SALT, 

mixed  with  gyp- 
sum 

58  Gypsum  and  salt  ... 

59  Gypsum  and  salt  . . . 

60  Gypsum,  containing 

a  little  xalt 

61  Anhydrite  ... 


Vivian 

for  Mr 

stfield, 

Durham 

Thick- 
Strata. 
Ft.    In. 

8    6 

5    0 

15    6 

21     6 

8    6 

18    6 

Depth 
from 

Surface. 
Ft.   In. 
488     6 
493     6 
509    0 
530     6 
539    0 
557    6 

18    0 
JO    0 

575    6 
585    6 

25    0 
19    0 

8     0 

610    6 
629    6 
637     6 

10     6 

648    0 

73     6 

721     6 

52    6 
5    6 

774    0 
779    6 

3    0 
11     0 

782    6 
793    6 

2     6 
15     8 

0    9 
24    6 
53  10 

796    0 

811  8 

812  5 
836  11 
890    9 

6    0 
0    6 
2     0 

896  9 

897  3 
S99    3 

S  11 
1     0 

908  2 

909  2 

XXVI. — Boring  at  Sandfield,  Haverton  Hill,  1886. 


Thick- 
ness of 
Strata. 
Ft.   In. 


Depth 
from 

Surface. 

Ft.    In. 


1 

6 
36 

47 
50 


No.    Description  of  Strata. 

lSoil 

2  Strong  red  clay     ...  4  6 

3  Brown  sand           ...  30  4 

4  Dark  sand  ...         ...  11  1 

5  Brown  clay            ...  3  4 

6  Brown    pinnel    and 

cobbles 19  7        70    4 

7  Red  sandstone       ...145  8      216     0 

8  Red  marl 2  0      218     0 

9  Red  sandstone       ...  82  0      300    0 

10  Red  marl 3  0      303    0 

11  Red  sandstone   ...  38  7   341  7 

12  Red  marl 10  5   352  0 

13  Red  sandstone   ...102  2   454  2 


No.    Description  of  Strata. 

14  Red  sandstone,  with 

beds  of  marl 

15  Red  marl    ... 

16  Red  sandy  marl     . . . 

17  Red  sandstone 

18  Red  marl 

19  Red  sandstone 

20  Red  marl      

21  Red  sandy  marl 

22  Red  sandstone 

23  Red  marl 

24  Red      marl,      with 

gypsum  joints  .  . 

25  Red  sandy  marl    ... 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft.  In. 

Ft.   In 

7     8 

461  10 

4     0 

465  10 

2    0 

467  10 

20    2 

4S8     0 

20    4 

508    4 

17     8 

526    0 

15    6 

541     6 

7     9 

549     3 

6     7 

555  10 

29    3 

585     1 

8    6 

593    7 

52  11 

646     6 

CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY. 
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No.    Description  of  Strata. 

26  Strong  red  marl, 
with  veins  of  gyp- 
sum 

27Redinarl 

28  Red  marl,  with  veins 

of  gypsum 

29  Anhydrite  ... 

30  Red  marl,  salty    ... 

31  Decayed  brown  marl, 

containing  salt . . . 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness 

of 

from 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft.  In. 

Ft. 

In. 

Ft. 

In. 

Ft.    In. 

32  ROCK  SALT      ... 

80 

10 

877  10 

33  Anhydrite  and  rock 

38     9 

685 

3 

salt          

1 

6 

879    4 

1     0 

686 

3 

34  ROCK  SALT      ... 

1 

0 

880    4 

35  Anhydrite  and  salt 

4 

o 

884    6 

84     3 

770 

6 

36  Anhydrite,          con- 

9   6 

780 

0 

taining     a     little 

12     0 

792 

0 

salt 

9 

9 

894    3 

37  ROCK  SALT      ... 

6 

0 

900    3 

5     0 

•  797 

0 

38  Anhydrite 

0 

9 

901     0 

XXVII. — No.  1  Diamond-boring  at  Haverton  Hill,  for  Messrs.  C.  Tennant  and 
Partners,  Limited  (now  United  Alkali  Company,  Limited). 


No.    Description  of  Strata. 

1  Soil  

2  Red  sandy  soil 

3  Stiff   dark     muddy 

clay        

4  Stiff  red  clay 

5  Red  clay  and  cobbles 

6  Dark  sand  ... 

7  Brown  sand 

8  Brown    sand,    very 

fine 

9  Brown  sandy  pinnel 

and  gravel 

10  Brown    sandy    clay 

and  cobbles 

11  Cobbly  pinnel 

12  Sand  and  gravel    . . . 

13  Red  sandstone 

14  Grey  sandstone 

15  Red  sandstone 

16  Red  marl    ... 

17  Red  sandstone 

18  Grey  stone ... 

19  Red  marl    ... 

20  Red  sandstoue 

21  Red  marl 

22  Red  sandstone 

23  Red  sandy  marl    . . . 

24  Red  sandstone 

25  Red  sandy  marl    . . . 

26  Red  sandstone 


1  hick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft.    In. 

Ft.  In. 

1     6 

1      6 

5    6 

7     0 

10    0 

17     0 

17    0 

34     0 

3    0 

37     0 

0    9 

37     9 

16    7 

54    4 

4  6 

7  0 

9  0 

3  3 


93 

8 

164 

3 

66 
3 
3 


37  0 
16  9 


73 
9 


24  0 
2  9 
2  0 


59  6 

64  0 

71  0 

80  0 

83  3 

176  8 

184  8 

349  3 

352  3 

418  11 

422  5 

425  5 

462  5 

479  2 

552  5 

561  8 

585  8 

588  5 

590  5 


No.    Description  of  Strata. 

27  Red  marl    ... 

28  Red  stone  and  beds 

of  marl  ... 

29  Red  marl 

30  Red  stone  and  beds 

of  marl  ... 

31  Red  stone  ... 

32  Red  marl,  with  blue 

joints     ... 

33  Red  sandstone 

34  Red  sandy  marl    . . . 

35  Red  marl,  with  veins 

of  gypsum 

36  Red  marl,  with  blue 

joints  and  veins 
of  gypsum 

37  Red  marl,  with  gyp- 

sum 

38  Red  marl    

39  Anhydrite 

40  Red  marl,  with  salt 

41  Red  marl,  with  veins 

of  salt    ... 

42  ROCK  SALT       ... 

43  Hard  stone 

44  Hard     stone,    with 

salt 

45  ROCK   SALT  and 

gypsum 

46  Hard  blue  stone    ... 


Thick- 
ness of 
Strata. 
Ft.  In. 
6     6 

18  9 

19  0 

12  10 
3     0 

18    0 
5    0 

20  6 


Depth 

from 

Surface. 

Ft.   In. 

596  11 

615    8 
634    8 


647 
650 


668  6 
673  6 
694    0 


84     0       778     0 


74    0      852    0 


42  6 

0  9 
9  0 

1  0 


894 
895 
904 
905 


23    4  928  7 

72  11  1,001  6 

3    2  1,004  8 

2    S  1,007  4 

6    0  1,013  4 

0  10  1,014  2 


XXVIII. — No.  Sa  Boring,  by  the  American  system,  at  Haverton  Hill,  for  the  United 
Alkali  Company,  Limited  (Messrs.  C.  Allhusen  &  Sons),  completed 
November  18,  1891. 


Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

ness  of 

from 

Jo.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata.       Strata. 

Surface. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.    In. 

1  Ordinary      surface- 

8  Red  marl 332    0 

732    0 

soil,  etc. 

5    0 

5    0 

9  Anhydrite 9    0 

741    0 

2  Blue  clay    ... 

30    0 

35    0 

10  Rotten    marl,    con- 

3 Sand  and  clay 

15    0 

50    0 

taining  salt      ...     25     0 

766    0 

4  Sand  and  gravel    . . . 

15    0 

65    0 

11  ROCK  SALT      ...     42    0 

808    0 

5  Gravel 

5    0 

70    0 

12  Light  grey  limestone     93     0 

901     0 

6  Soft  sandstone 

5    0 

75    0 

13  Dark  grey  limestone     18    0 

919    0 

7  Red  sandstone 

325    0 

4u0    0 

14  Light  grey  limestone  313    0 

1,232    0 
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No.    Description  of  Strata. 

15  Dark  grey  limestone 

16  Black  ami  red  shale 

17  Sand  and  water,  gas 

bubbles... 

18  Black  and  red  shale 

19  Grey  limestone 

20  Shale  

21  Sticky  substance, like 

fireclay 

22  Dark  limestone 

23  Sand  

24  Sand  and  limestone 

25  Sand 

26  Shale  and  fireclay... 

27  Fireclay      

28  Shale  

29  Grey  limestone 

30  Black  shale 

31  Sandstone  ... 

32  Sandstone  and  shale 

33  Limestone  and  shale 

34  Sandstone  .  . 

35  Limestone  ... 

36  Light     grey     sand- 

stone 

37  Dark  sandstone  and 

shale 

38  Shale  

39  Black  shale 

40  Black  shale 

41  Limestone  ... 

42  Grey  sandstone     .. 

43  Sandstone,      mixed 

with  shale 

44  Fine      sand,     with 

water     


Thick- 

Depth 

ness 

of 

from 

Surfa 

:i.'. 

II. 

in. 

Ft. 

In. 

42 

ii 

1,274 

0 

41 

(t 

1,315 

0 

48 

0 

1,363 

0 

6 

0 

1,369 

(1 

20 

0 

L,38fl 

0 

18 

0 

1,407 

0 

17 

0 

1,424 

0 

8 

0 

1,432 

0 

9 

0 

1,441 

0 

18 

0 

1,459 

0 

20 

(1 

1,479 

0 

20 

0 

1,499 

0 

36 

0 

1,535 

0 

9 

0 

1,544 

1) 

35 

0 

1,579 

1) 

18 

1) 

1,597 

0 

7 

0 

1,604 

0 

11 

0 

1,615 

0 

8 

0 

1,623 

0 

30 

0 

1,653 

1) 

11 

0 

1,664 

0 

9 

0 

1,673 

0 

21 

0 

1,694 

0 

44 

0 

1,738 

0 

16 

(1 

1,754 

0 

24 

0 

1,778 

0 

16 

0 

1,794 

0 

19 

0 

1,813 

0 

20 

0 

1,833 

0 

16 

0 

1,849 

0 

No.    Description  of  Strata. 
15  Black  Bhaleand  sand 

46  Shale  

47  Grey  limestone 

48  Grey  limestone,  with 

a  little  shale     ... 

49  I  l-rey  sandstone     ... 

50  Shale   and    a    little 

sand 

51  COAL  and  a  little  gas 

52  Limestone  ... 
,">:'>  Sandstone  ... 

54  Sandy  shale  and   a 

little  gas* 

55  Hard  shale... 

56  Hard  black  shale  . . . 

57  Grey  sandstone     ... 

58  Black  shale 

59  Grey  micaceous  sand- 

stone 

60  Black  shale 

61  Limestone    .. 

62  Grey  micaceous  sand- 

stone 

63  Grey  micaceous  sand- 

stone, with  veins 
of  shale... 

64  Hard    black    shale, 

with     veins     of 
sandstone 

65  Micaceous  sandstone 

66  Hard  shale... 

67  Micaceous  sandstone 
6S  Hard  grey  shale   . . . 

69  Hard  black  shale  . . . 

70  Dark  sandy  shale  .. 

71  In  hard  black  shale 


Thick- 

Depth 

ness  of 

from 

Strata. 

Surface. 

Ft. 

In. 

n. 

In. 

13 

0 

1,862 

0 

53 

1) 

1,915 

0 

12 

0 

1,927 

0 

12 

0 

1,939 

0 

5 

0 

1,944 

0 

6 

0 

1,950 

0 

2 

0 

1,952 

0 

6 

0 

1,958 

0 

14 

0 

1,972 

0 

2 

0 

1,974 

0 

3 

0 

1,977 

(I 

9 

0 

1,986 

0 

2 

0 

1,988 

0 

2 

0 

1,990 

0 

8 

0 

1,998 

0 

11 

0 

2,009 

0 

26 

0 

2,035 

0 

7 

6 

2,042 

6 

32 

0 

2,074 

6 

6 

0 

2,0S0 

6 

9 

0 

2,089 

6 

n 

0 

2,092 

6 

8 

0 

2,100 

6 

3 

6 

2,104 

l) 

48 

ii 

2,152 

6 

3 

6 

2,156 

0 

17 

0 

2,173 

0 

XXIX.  — Boring  at  Stone  Marsh  or  Sweethill,  near  Haverton  Hill,  1886. 


No.    Description  of  Strata. 

1  Soil 

2  Yellow  clay 

3  Red  clay     ... 

4  Brown  pinnel 

5  Red  sandy  pinnel... 

6  Blue  and  sandy  clay 

7  Red  clay     

8  Sand  and  gravel    . . . 

9  Gravel 

10  Gravel  and  cobbles 

11  Sand  and  gravel   ... 

12  Sand  

13  Gravel  and  cobbles 

14  Bound    gravel    and 

pinnel     ... 

15  Pinnel  and  gravel... 

16  Clayey  sand 

17  Pinnel  and  gravel... 


*  Continued  from  this  point  by  the  diamond  drill,  August  25, 1891. 


Thick- 

Depth 

Thick- 

Depth 

ness 

of 

from 

ness 

of 

from 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata 

Surface. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft.  In. 

1 

0 

1 

0 

18  Bound  gravel 

6 

6 

100    6 

1 

0 

2 

0 

19  Fine  gravel 

4 

3 

104    9 

16 

6 

18 

6 

20  Red  sandstone 

179 

3 

284    0 

24 

6 

43 

0 

21  Red  marl 

2 

9 

286    9 

1 

0 

44 

0 

22  Red  sandstone 

20 

3 

307    0 

10 

0 

54 

0 

23  Sandy  marl 

6 

0 

313    0 

8 

0 

62 

0 

24  Red  marl 

7 

0 

320    0 

1 

0 

63 

0 

25  Red  sandstone 

78 

0 

398     0 

2 

0 

65 

0 

26  Red  sandy  marl    ... 

21 

0 

419    0 

2 

6 

67 

6 

27  Red  marl 

3 

0 

422    0 

3 

6 

71 

0 

28  Red  sandstone 

31 

6 

453    6 

2 

0 

73 

0 

29  Red  marl 

6 

6 

460    0 

2 

0 

75 

0 

30  Red  sandstone,  with 

marl  beds 

15 

3 

475    3 

5 

0 

80 

0 

31  Red  marl,  with  red 

4 

6 

84 

6 

sandstone  beds  . . . 

11 

6 

486    9 

7 

0 

91 

6 

32  Red  marl,  with  blue 

2 

6 

94 

0 

joints 

7 

3 

494    0 
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No.    Description  of  Strata. 

33  Red  sandstone,  with 

marl  beds 

34  Red  sandstone 

35  Red  marl 

36  lied  marl,  with  red 

sandstone 

37  Red  marl    ... 

38  Red  marl,  with  blue 

joints 

39  Red  sandstone 

40  Red  marl,  with  bine 

joints 

41  Red  marl,  with  blue 

joints   and   veins 
of  gypsum 

42  Red  marl 

43  Red  marl,  with  veins 

of  gypsum 

44  Red  marl    ... 

45  Red      marl,      with 

veins  of  gypsum 

46  Anhydrite  ... 

47  Decayed  red    marl, 

containing  salt,*, 

48  Red  salty  marl 

49  Anhydrite  ... 

50  SALT  and  gypsum 

51  Anhydrite  ... 

52  Anhydrite,    with 

black  joints 

53  Anhydrite 

54  Magnesian         lime- 

stone 


Thick- 
ness of 
Strata. 
Ft.   In. 

Depth 

from 

Surface. 

Ft.    In. 

14     3 

4    0 

14     9 

508    3 
512    3 
527    0 

3    3 
18    6 

530    3 

548    9 

41     6 
2    0' 

590    3 

592    3 

9  6   601  9 


664  0 

679  0 

740  0 

748  6 

756  0 

765  0 

775  3 

777  0 

784  0 

793  0 

800  0 

814  3 

821  9 


7     9      829     6 


02 

3 

15 

0 

P.  1 

0 

8 

6 

7 

6 

9 

0 

10 

3 

1 

9 

7 

0 

9 

0 

7 

0 

14 

3 

7 

6 

No.    Description  of  Strata. 

55  Magnesian  limestone, 

with  gypsum  joints 

56  Magnesian  limestone 

57  Magnesian  limestone, 

with  gypsum  veins 

58  Hard    blue     stone, 

with  veins  of  gyp- 
sum 

59  Red  and  blue  marl, 

with  gypsum     . . . 

60  Hard  blue  and  red 

stone 

61  Anhydrite 

62  Red  marl,  with  an- 

hydrite and  gyp- 
sum 

63  Anhydrite,  with  red 

marl  and  gypsum 
veins 

64  Anhydrite  and  mag- 

nesian  limestone 

65  Magnesian  limestone, 

with  gypsum  veins 
and  blue  shale 
joints 

66  Anhydrite  ... 

67  Magnesian  limestone, 

with  gypsum  veins 

68  Anhydrite  ... 

69  Anhydrite,with  spots 

of  gypsum 

70  Magnesian  limestone, 

with  gypsum  veins 


Thick- 
ness of 
Strata. 
Ft.   In. 

12    6 

26     9 


Depth 
from 

Surface. 

Ft.   In. 

842    0 
86S    9 


17     7      886     4 


5 

8 

892 

0 

1 

8 

893 

8 

0 

8 

894 

4 

3 

8 

898 

0 

2  10      900  10 


15 

11 

916 

0 

14 

8 

931 

5 

11 
3 

11 
4 

943 
946 

4 
8 

9 
4 

0 
0 

955 
959 

8 
8 

9 

1 

968 

9 

31 

3 

1,000 

0 

XXX. — No.  1  Diamond-boring  on  the  White  House  Estate,  near  Norton, 
by  Mr.  John  Vivian,  1889. 


Thick- 

Depth 

ness 

of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft.   In. 

1  Brown    sandy    clay 

8 

0 

8     0 

2  Blue  clay    ... 

7 

0 

15     0 

3  Red  clay     

10 

0 

25    0 

4  Stiff  brown  clay    . . . 

21 

0 

46    0 

5  Muddy  sand 

2 

0 

48    0 

6  Brown   sandy    clay 

2 

0 

50    0 

7  Grey    pinnel,    with 

stones     ... 

2 

0 

52     0 

8  Stiff    brown     clay, 

with  stones 

2 

0 

54    0 

9  Stiff  brown  clay   . . . 

14 

0 

68    0 

10  Sand            

1 

0 

69    0 

11  Sandy  clay 

1 

0 

70    0 

12  Strong  brown  pinnel 

7 

0 

77     0 

13  Strong  brown   clay 

1 

0 

78    0 

14  Strong  pinnel,  with 

cobbles   ... 

6 

0 

84    0 

15  Brown  pinnel 

1 

0 

85    0 

16  Sand            

0 

6 

85    6 

17  Dark  gravelly  pinnel 

2 

0 

87     6 

Ko.    Description  of  Strata. 

18  Grey    pinnel,    with 

cobbles   ... 

19  Brown  pinnel 

20  Sandstone  ... 

21  Dark  brown  pinnel 

22  Dark  red  pinnel,  with 

sandstone  cobbles 

23  Grey  pinnel 

24  Dark  red  pinnel    ... 

25  Red  sandstone 

26  Red  sandy  marl    ... 

27  Red  marl 

28  Red  sandstone 

29  Red  sandy  marl    ... 

30  Red  sandstone 

31  Red  marl 

32  Red  sandstone 

33  Red  marl 

34  Red  marl,  with  blue 

joints      


Thick- 
ness of 
Strata. 
Ft.    In. 

2    0 

2  10 

0    4 

13    4 


0  6 
19     0 

9    0 

1  7 


22  0 

7  8 

21  7 

13  8 


Depth 
from 

Surface. 

Ft.  In. 

89  6 

92  4 

92  8 

106  0 

107  6 

114  6 

115  0 
134  0 

143  0 

144  7 
153  11 
155  11 
160  1 
182  1 
189  9 
211  4 

225  0 
0 


11(5 
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Thick- 

1ICSS  III' 

:•!,.   in. 
41     0 


17 

17 

3 


1     0 


No.    Description  ol  Strata. 


35  Red  marl 

::ii  Red  marl,  with  veins 
of  gypsum        ...      8 

37  Rod  marl 10 

38  Red  marl,  with  veins 

of  gypsum        ...     12 

39  Red  marl    22 

40  Red  marl,  with  veins 

of  gypsum         ...    77 

41  Anhydrite 10 

42  Red  marl,  with  veins 

of  gypsum 

43  Anhydrite 

44  Gypsum      

45Magnesian  lime- 
stone, with  veins 

of  gypsum  ...    13     8 

46  Magnesian  limestone   55     4 

47  Blue     shale,      with 

veins  of  gypsum    1 

48  Dark  limestone  and 

gypsum 

49  Blue  shale  and  gyp- 

sum 

50  Anhydrite 

51  Red  and  blue  shale, 

with  veins  of  gyp- 
sum          

52  Anhydrite 

53  Red  and  blue  shale 

54  Anhydrite,        lime- 

stone,    and     red 
shale  mixed 

55  Anhydrite,         with 

brown  shale  joints   21 

56  Anhydrite 

57  Anhydrite,         with 

black  shale  joints 

58  Magnesian  limestone 

59  Anhydrite,        with 

veins  of  gypsum 

60  Anhydrite 

61  Anhydrite,  contain- 

ing gypsum 

62  Blue  marl 

63  Anhydrite,        with 

gypsum  ... 

64  Red      marl,      with 

veins  of  gypsum 

65  Anhydrite,         with 

gypsum  ... 

66  Red  marl,  with  gyp- 

sum 

67  Red  and  blue  marl, 

with  gypsum    ... 

68  Anhydrite,  contain- 

ing spar 

69  Magnesian  limestone, 

containing  spar... 

70  Red  and  blue  marl 

71  Red  sandy  gritstone 

72  Red  and  blue  marl 


Depth 

iVniii 

Ft.    In. 
266    0 

•274    3 
2S4     3 

296  8 
318  10 

396  0 
406     0 

423  2 
440  11 
143  11 


457     7 
512  11 

524  10 

525  10 

528  10 
532  10 


537  10 

538  10 
541     5 


Thick- 
No.    Description  of  Strata.     Btrata. 

Ft.    In. 

73  Magnesian  lim<  stone, 

lank. mi 49  10 


2     9      544     2 


21  5 
10  0 

565  7 
575  7 

2  5 
13  11 

578  0 
591  11 

7  0 
14  3 

598  11 
613  2 

15  10 

8  0 

629  0 
637  0 

1  6 

638  6 

7  7 

646  1 

2  0 

648  1 

11  8 

659  9 

8  6 

668  3 

2  2 

670  5 

8  10 
4  3 
3  4 
6  3 

679  3 
683  6 
686  10 
693  1 

74  Ore;  gritstone     ...     4 

T.'i  (  livy  sai id-tone      ...        I 

76  Magnesian  limestone, 

broken    ...          ...  6 

77  Limestone  ...         ...  6 

78  Dark  blue  shale    ...  5 

79  Light    grey    sand- 

stone     ..         ...      8 
Si!  Dark  sandy  shale...      6 

81  Light     grey     sand- 

stone      ...         ...      7 

82  Dark  sandy  shale...      9 

83  Dark  shale 16 

84  White  sandstone  . . . 

85  Light    grey     sand- 

stone 

86  Coarse     light    grey 

sandstone 

87  Dark  shale 

88  Black    shale,     with 

bands  and  balls  of 
ironstone 

89  Black    shale,    with 

balls  of  ironstone 

90  Black  shale 

91  Black    shale,    with 

veins  of  gypsum 

92  Dark      grey      lime- 

stone 

93  Black  shale 

94  Grey  limestone 

95  Dark  limestone     ... 

96  Dark  limestone,  very 

jointy 

97  Dark  limestone     ... 

98  Dark     grey    sandy 

shale 

99  Black  shale 

100  Grey  sandstone     ... 

101  Black  shale 

102  Grey  sandstone     . . . 

103  Black  shale 

104  Dark     grey     sand- 

stone with  black 
joints 

105  Dark     grey     sand- 

stone  and    black 
shale  mixed 

106  Coarse    light    grey 

sandstone 

107  Dark     grey     sandy 

shale 

108  Black    shale,    with 

iron  nodules 

109  Dark     grey    sandy 

shale 

110  Black    shale,    with 

iron  nodules 

111  Dark     grey     sandy 

shale 


9 
0 

0 

2 

2 
0 

3 
9 
6 
0 


Depth 

In  mi 

Ft    In. 

742  11 

747  8 

748  8 

754  8 
760  8 
766  10 

774  0 
780    0 

787  3 

797  0 

813  5 

817  5 


7     2      824    7 


828     6 
830     6 


23    7      854     1 


8 

3 

862 

4 

10 

8 

873 

0 

4 

0 

877 

0 

3 

7 

8S0 

7 

13 

6 

894 

1 

5 

11 

900 

0 

5 

11 

905 

11 

(i 

8 

912 

7 

3 

0 

915 

7 

10 

0 

925 

7 

16 

9 

942 

4 

3 

0 

945 

4 

7 

6 

952 

10 

3 

0 

955 

10 

8 

0 

963 

10 

0    6      964  4 

13    0      977  4 

18     0      995  4 

998  0 

1.001  4 

1.002  7 
1,007  10 
1,010  10 


2     8 


3    4 
1     3 


5     3 
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No.    Description  of  Strata. 

112  Black    shale,    with 

dark  limestone  balls 

113  Grey  limestone 

114  Black  shale 

115  Blue  shale  ... 

116  Grey  sandy  shale  ... 


Thick-          Depth 

Thick- 

Depth 

ness  of          from 

ness  of 

from 

Strata.        Surface. 

No.     Description  of  Strata. 

Strata. 

Surface. 

Ft.   In.        Ft.    In. 

117  Dark     grey     sandy 

Ft.    In. 

Ft.  In. 

16    0  1,026  10 

shale,  with  veins 

10    4  1,037     2 

of  spar    ... 

18    0 

1,069    5 

1     1  1,038    3 

118  Dark     grey     sandy 

5    8  1,043  11 

shale 

9    0 

1,078    5 

7     6  1,051     5 

119  Black  shale 

1     1 

1,079    6 

XXXI. — Boring  at  Kirklevington,  about  2  miles  south  and  east  from  Yarm,  for 
Lord  Falkland,  commenced  in  1856,  and  continued  during  1857  and  1858. 


No.    Description  of  Strata. 


Thick- 

Depth 

ness  of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft.    In. 

1  Reddish  clay 

27 

0 

27    0 

2  Fine  sand  ... 

7 

0 

34    0 

3  Coarse  sand 

4 

0 

38     0 

4  Fine  sand  ... 

10 

0 

48    0 

5  Reddish  clay 

51 

0 

99    0 

6  Yellow  sandstone  . . . 

0 

8 

99    8 

7  White      sandstone, 

hard 

0 

9 

100    5 

8  Sand  and  gravel  ... 

4 

0 

104    5 

9  White  sandstone  ... 

1 

6 

105  11 

10  Sand  and  gravel    ... 

3 

3 

109     2 

11  Light   bluish  sand- 

stone 

119 

10 

229    0 

12  White     sandstone, 

extra  hard 

0 

11 

229  11 

13  Light  fireclay 

I 

5 

231     4 

14  Light  fake*  and  fire- 

clay 

2 

6 

233  10 

15  Red    sandstone     in 

bed          

204 

3 

438     1 

16  Red  fake  and  blae 

1 

0 

439     1 

17  Red  sandstone,  hard 

1 

1 

440    2 

18  Red  sandstone,  softer 

18 

0 

458    2 

19  Red  fake  and  blae 

0 

3 

458    5 

20  Red  sandstone,  extra 

hard 

2 

3 

460    8 

21  Red  fake     

7 

3 

467  11 

22  Red  sandstone,  extra 

hard 

2 

6 

470    5 

23  Red  fake    

7 

8 

478     1 

24  Red  sandstone 

4 

0 

482     1 

25  Red  fake    

4 

8 

486     9 

26  Red  sandstone 

2 

1 

488  10 

27  Red   fake  and  clay 

2 

8 

491     6 

28  Red  sandstone 

3 

9 

495    3 

29  Red  clay 

0 

7 

495  10 

30  Light  red  sandstone 

1 

9 

497    7 

31  Red    sandstone,   in 

bed         

13 

9 

511     4 

32  Red   sandstone,    in 

bed          

3 

0 

514    4 

33  Magnesian  limestone 

6 

9 

521     1 

34  Red  fake     

3 

0 

524     1 

35  Red  fake  and  clay  . . . 

8 

8 

532    9 

36  Red  fireclay 

9 

5 

542    2 

37  Magnesian  limestone 

38  Fake  and  clay 

39  Magnesian  limestone 

40  Red  fake  and  clay... 

41  Red  sandstone,  hard 

42  Red  sandstone,  in 

bed  

43  Light  red  sandstone, 

hard        

44  Red  sandstone,  very 

hard 

45  Red   sandstone  and 

beds  of  fake 

46  Red      shale,      with 

beds  of  red  sand- 
stone and  threads 
of  grey  metal  stone 

47  Grey  pyritic    sand- 

stone 

48  Red  shale,  with  beds 

of  hard  red  sand- 
stone 

49  G  y  p  s  u  m ,       called 

chalk  or  pipe-clay 
by  the  workmen 

50  Red  shaly  sandstone 

51  Red  sandstone,  with 

a  shaly  appear- 
ance 

52  Red     shaly-looking 

sandstone,  con- 
taining some  gyp- 
sum 

53  Red    sandstone, 

nearly  uniform  in 
appearance,  with 
a  great  quantity 
of  carbonate  of 
lime  and  white 
masses  of  gypsum 

54  Red  sandstone,  with 

a  shaly  appear- 
ance, with  gypsum 

55  Red  shaly  sandstone, 

with  gypsum 


Thick- 
ness of 
Strata. 
Ft.   In. 
6    0 
2    3 
1     6 
5     1 
9     1 

Depth 

from 

Surface. 

Ft.    In. 
548     2 

550  5 

551  11 
557     0 
566     1 

4     9 

570  10 

4    0 

574  10 

1     4 

576    2 

6    4J 

582     6i 

16     2£ 

598    9 

1     0 

599     9 

24  3   624  0 


0  9 
6  9 


624  9 
631  6 


20  6   652  0 


20  0   672  0 


17  6   689  6 


6  0 
14  6 


695  6 
710  0 


*  "  Fake  "  is  a  Scotch  term  for  shale,  and  "  Blae  "  for  white  post  or  sandstone.     This  boring  was 
made  by  Glasgow  men,  hence  the  use  of  these  tonus. 
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XXXIL—  No.  2  Borhiq  from  ift<  bottom  of  a  null  at  Eston  /.«<<■  Farm,  and 
1,300  yards  south  of  l^ion  Junction,  for  Messrs.  Smith  and  Oakey, 

Thick-  Depth 

neuof         from 

strata.  8urface. 

Ft.   In.  Ft.   In. 

OR    0        25    '» 


No.    Description  of  Strata. 
1  Well  


No.    Description  o1 


2  Shale  

3  Soft  dark  grey  shale, 

with  water 

4  Grey  shale  ... 

5  Blue  shale  ... 

6  Blue  shale  ... 

7  Blue  shale 

8  Dark  grey  shale    ... 

9  Light  shale... 

10  Dark  red  shale 

11  Red  gypsum 

12  Grey  gypsum,  mixed 

with  white  gyp- 
sum 

13  Red  gypsum,  mixed 

with  white  gyp- 
sum 

XXXIII.—  Boring  on 
Messrs.  W.  Bidlen 


'lb 
3 


0    28  0 


2 
16 

4 
18 

7 
20 
14  8 

0  11 

2  0 


30 
47 
51 
69 
76 
96 
110 
111 
113 


18      115    3 


0    8      115  11 


1 1  « rrey  gypsum,  mixed 
with  white  gyp- 
sum 

15  Red  gypsum,  mixed 

with  white  gyp- 
sum 

16  White     gypsum,     a 

little  mixed 

17  Red  gypsum,  mixed 

with  white  gyp- 
sum 

18  Solid     white     gyp- 

sum 

19  Red   gypsum,   witli 

much  white  gyp- 
sum 

20  White  gypsum 


Thick- 
ness of 
Strata. 
Ii.   In. 


about 


Di  pth 

from 
Soxface. 

Ft.  In. 


0    4       116     3 


1     0 


1     0 


2     6 
0    6 


117  3 

118  3 

120  9 

121  3 


121  11 
128    5 


West  Goatham  Farm,  KirUeatham  Estate,  near  Redcar,  for 
and  Partners.     (Long.  1°  5'  28"  W.,  lat.  51?  36'  31"  N.) 


No.    Description  of  Strata. 

1  Clay 

2  Blue  shale,  with  dog- 
ger band 

Nodular  band 
Blue  shale  ... 
Nodular  band 
Blue  shale  ... 
Nodular  band 

8  Blue  shale 

9  Bastard  grey  post... 

10  Blue      shale,     with 

hard  band 

1 1  Dark  shale,  with  sul- 

phur and  hard 
band     ... 

12  White  and  grey  post, 

with  water* 


Thick- 
ness of 
Strata. 
Ft.  In. 

6    0 

75    0 


Depth 

from 

Surface. 

Ft.  In. 

6    0 

81  0 

82  6 


21     0 
5    0 


84  2 

86  2 

92  6 

94  0 

115  0 

120  0 


33     0       153    0 


12    0       165     0 
9    0       174    0 


No.     Description  of  Strata. 

13  Red  and  white  mot- 

tled, white  and 
blue  mottled 
post 

14  Dark     blue     shale, 

with  whin  gir- 
dles 

15  White  shalet 

16  Red     marl,     mixed 

with  gypsum    ... 

17  Strong  band 

18  Red  marl    ... 

19  Strong  band 

20  Strong  red  marl    ... 

21  White  gypsum 

22  Red  marl 


Thick- 
ness of 
Strata. 
Ft.  In. 


Depth 

from 

Surface. 

Ft.  In. 


12    0      186     0 


19  0 

18  0 

86  0 

0  2 

23  0 

0  3 

7  0 

1  4 
0  9 


205  0 

223  0 

309  0 

309  2 

332  2 

332  5 

339  5 

340  9 

341  6 


XXXIV.—  Boring  on  West  Coatham  Farm,  KirUeatham  Estate,  near  Redcar, 
for  Mr.  Slate.     (Long.  1°  5'  28'  W.t  lat.  51f  36'  45"  N.) 


No.    Description  of  Strata. 

1  Soil 

2  Clay 

3  Cashy  partings,  sul- 

phurous... 

4  Blue  post  and  whin, 

with  white  metal 
partings  and  salt 
water     ... 

5  Blue,  grey,and  black 

metal,  with  slaty 

white      girdles, 

without  water... 


Thick- 
ness of 
Strata. 
Ft.  In. 
0  6 
6    0 


0     4 


1     6 


Depth 

from 

Surface. 

Ft.  In. 

0    6 

6     6 

6  10 


8    4 


10    0        18    4 


No.    Description  of  Strata. 

6  Soft  slaty  metal  . . . 

7  Hard  grey  post  . . . 

8  Soft  slaty  metal  . . . 

9  Hard  grey  post  ... 

10  Soft  light  grey  post 

1 1  Blue  slaty  metal    . . . 

12  COAL        

13  Dark     blue    metal, 

coaly   and   slaty 

14  JET  

15  White  post  and  blue 
metal 


Thick- 
ness of 
Strata. 
Ft.  In. 
4    0 


0 
9 
0 
12 
3 


Depth 
from 
Surface. 
Ft.  In. 
22  4 
22     8 

31  8 

32  4 
44    4 


0  10 

12    0 
0     I 

3     0 


47  10 

48  8 

60    8 
60    9 

63     9 


*  A  feeder  of  salt  water  was  met  with  in  the  stone  which  proved  to  be  local,  and  was  supposed  to  be 
the  same  salt  water  or  brine  spring  found  in  sinking  Slate's  Pit. 

t  Bottom  of  the  Lower  Lias  shale  and  top  of  the  New  Red  Sandstone. 
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Thick- 

Depth 

Thick- 

Depth 

ness  of 

from 

nes 

5  Of 

from 

No.    Description  of  Strata. 

Strata. 

Surface. 

No.    Description  of  Strata. 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

Iii. 

Ft. 

In. 

Ft.    In. 

16  Dark  blue  metal    ... 

6 

0 

69 

9 

33  White  post  and  grey 

17  Dark     blue    metal, 

metal     ... 

2 

0 

115     0 

coaly 

2 

6 

72 

3 

34  Strong   brown    and 

18  Grey     metal,    with 

white   post    and 

white    and   grey 

metal     ... 

1 

3 

116     3 

post 

3 

0 

75 

3 

35  Strong    white     and 

19  Blue  metal ... 

3 

6 

78 

9 

grey  post 

0 

10 

117     1 

20  Hard  band,  coaly... 

0 

4 

79 

1 

36  Blue     metal,     with 

21  Fireclay 

3 

0 

82 

1 

white    post     to- 

22 Blue  metal 

4 

8 

86 

9 

wards  top 

3 

0 

120     1 

23  Strong  white  post 

0 

6 

87 

3 

37  Blue     metal,     with 

24  Dark     metal    stone 

white    post  and 

and  ironstone  . . . 

0 

2 

87 

5 

mica 

1 

10 

121  11 

25  Strongpost  and  iron- 

38 Blue  metal  and  metal 

stone 

0 

11 

88 

4 

stone 

3 

6 

125     5 

26  Slaty    metal,    with 

39  Grey  metal  and  hard 

Coal       

1 

2 

89 

6 

girdles  ... 

3 

3 

128    8 

27  COAL        

1 

3 

90 

9 

40  Brown  &  grey  metal. 

28  Clay 

0 

9 

91 

6 

metalstone,white 

29  Blue  metal 

10 

6 

102 

0 

post     and    whin 

30  Dark  blue  slaty  metal 

6 

6 

108 

6 

girdles  ... 

1 

6 

130     2 

31  Grey     metal,      and 

41  Blue  metal  and  metal 

white    post 

2 

6 

111 

0 

stone 

3 

0 

133    2 

32  Grey  metal 

2 

0 

113 

0 

42  Blue  metal... 

2 

6 

135    8 

No.    Description  of  Strata. 


XXXV. — Xo.  1  Diamond-boring  on 
commenced  on  May  29,  1873, 

Thick-  Depth 

ness  of 
Tata.       Strata. 
Ft.  In. 

1  Lime  and  sand 

2  Sand,  clay,  and  gravel    31     0 

3  Quicksand   .. 

4  Boulder     clay    and 

stones    ... 

5  Sand  

6  Quicksand   .. 

7  Boulder  clay 

8  Sandy  clay... 

9  Quicksand  ... 

10  Boulder  clay 

11  Soft  magnesian  lime- 

stone 

12  Hard  limestone     ... 

13  Sandstone  and  lime- 

stone 

14  Grey  limestone 

15  Fireclay 

16  Grey  limestone 

17  Light  blue  limestone 

18  Red  shaly  limestone 

19  Shaly  limestone    ... 

20  Hard  limestone     ... 

21  Red  sandstone 

22  Bed  sandstone  and 

shale     

23  White  sandstone  ... 

24  Soft  dark  shale     . . . 

25  Sandstone  and  spar 

26  Soft  dark  shale 

27  Sandstone  and  spar 

28  Soft  dark  shale     ... 

29  Fireclay      


ness 

of 

from 

Strata. 

Surface. 

Ft. 

In. 

Ft. 

In. 

3 

0 

3 

0 

31 

0 

34 

0 

29 

0 

63 

0 

18 

0 

81 

0 

2 

0 

83 

0 

6 

0 

89 

0 

2 

0 

91 

0 

4 

0 

95 

0 

8 

0 

103 

0 

43 

6 

146 

6 

134 

6 

281 

0 

19 

0 

300 

0 

4 

0 

304 

0 

5 

0 

309 

0 

2 

0 

311 

0 

1 

0 

312 

0 

3 

0 

315 

0 

7 

0 

322 

0 

1 

0 

323 

0 

19 

0 

342 

0 

5 

0 

347 

0 

5 

0 

352 

0 

8 

0 

360 

0 

6 

0 

366 

0 

5 

0 

371 

0 

2 

4 

373 

4 

2 

8 

376 

0 

1 

0 

377 

0 

1 

0 

378 

0 

the  Elstob  Estate,  for  the  Earl  of  El.don, 
and  stopped  on  March  4,  1874- 

\    No.    Description  of  Strata. 

30  Hard  limestone  . . . 
:    31  Strong  dark  shale... 

32  Sandstone  and  shale 
j  33  Hard  sandstone  ... 
:  34  Hard  shale  and 
spar 

35  Strong  dark  shale  .. 

36  .Strong    dark  shale, 
full  of  spar 

37  Strong  shale 

38  Soft  shale  and  fire- 
clay        

39  Hard  red  sandstone 

40  Soft  dark  shale  and 
sandstone 

41  Soft  dark  shale     ... 

42  Strong  sandstone  .. 

43  Hard   purple   sand- 
stone 

44  Soft  sandstone,  with 
shale  bands 

45  Hard  blue  limestone 

46  Sandstone,     with 
bands  of  shale... 

47  Dark  shale  and  spar 

48  Light  blue  limestone 

49  White  sandstone  ... 

50  Soft  dark  shale 

51  COAL,  soft 

52  Sandstone,         with 
bands  of  shale  . . 

53  Light  blue  limestone 

54  Hard  limestone     ... 


Thick- 
ness of 
Strata. 
Ft.  In. 

4    0 
17    0 
11     0 

1     0 

Depth 

from 

Surface. 

Ft.  In. 
382    0 
399     0 

410  0 

411  0 

2 

5 

0 
0 

413    0 
418    0 

7 
8 

0 
0 

425    0 
433    0 

2 
6 

0 
0 

435     0 

441     0 

12 
1 
3 

0 
0 
0 

453  0 

454  0 
457    0 

7 

0 

464    0 

54 
44 

0 
0 

518    0 
562    0 

102 

42 

16 

2.5 
2 
0 

0 
0 
0 
0 
0 
3 

664    0 
706    0 
722     0 

747     0 
749     0 
749    3 

139 
1 
2 

9 

0 

10 

889  0 

890  0 
892  10 
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Report  on  Elstob  Boring, 
The  result  of  the  experiment  by  boring  ;tt   Elstob,    fco  a   depth  approaching 
900  feet,  is  to  establish — 

It       1m. 

First,  an  unusual  thickness  of  Pleistocene  deposits  (boulder  clay)        ...     14IJ     6 

Secondly,  the  absence  of  all  Triassic  (New  Red)  deposits  

Thirdly,  a  considerable  thickness  of  Magnesian  Limestone       ...        ...     195    6 

Fourthly,  a  considerable  thickness  of  Permian  (red  or  purple  sandstone 

and  shale)  strata 122     0 


Making  of  this  upper  series 


464     0 


Then  follows  a  quite  different  group  of  strata,  consisting  of  white  and 
grey  sandstones,  grey  and  dark  shales,  and  blue  or  blueish  lime- 
stones, altogether  at  the  date  reported  428  10 

In  this  series,  which  in  a  large  sense  is  Carboniferous,  three  limestone  beds  occur, 
at  intervals,  from  the  top  to  No.  2,  54  feet ;  between  No.  1  and  No.  2,  144  feet ; 
between  No.  2  and  No.  3,  167  feet ;  and  below  the  second  is  a  bed  of  coal  enclosed 
in  shale. 


Surface. 

Pleistocene — 

Boulder  clay 


Permian — 

Magnesian  Limestone 


Red  (purple)  sandstone  and  shale 
Carboniferous  System  below  Millstone 
Grit  (  Yoredale  Pocks) — 

White  sandstone  and  shale 
I.  Blue  limestone     

Grey  sandstone  and  shale 

II.  Blue  limestone      

Sandstone  ... 
Shale  enclosing  coal 

Sandstone  and  shale 


Thickness. 
Ft.  In. 
146     6 


195     6 


122  0 

54  0 

44  0 

144  0 

16  0 

25  0 

4  0 

138  0 


III.  Blue  limestone      not  penetrated. 

Fig.  l. 
This  coal  is  said  to  be  about  3  inches  thick,  and  to  be  enclosed  in  shale  about 
3  feet  9  inches  thick. 

On  considering  Fig.  1  with  attention,  and  examining  the  specimens  of  limestone 
from  the  three  beds  named,  I  arrive  at  the  conclusion  that  the  whole  series  of 
strata,  penetrated  to  about  430  feet  below  the  Permian  (red  and  purple)  sandstones 
and  shales,  belong  to  the  Yoredale  Rocks  (upper  part  of  the  Mountain  Limestone 
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series).  The  composition  of  the  limestones,  taken  by  themselves,  would  be  quite 
enough  to  prove  their  affinity  to  some  part  of  the  Mountain  Limestone  series  ;  and 
the  succession  of  the  beds,  well  considered  iu  relation  to  the  well-known  sections  in 
the  mining  dales  lying  to  the  westward  (Weardale,  Tynedale,  Tecsdale,  etc.), 
leads  to  the  probability  that  they  belong  to  the  Yoredale  series,  above  the  thick 
Scar  limestones. 

Adopting  this  conclusion  as  positive,  I  have  to  advise,  in  this  first  report,  that 
the  boring  operations  be  discontinued  at  Elstob.  By  continuing  the  process, 
similar  strata,  and  among  them  thin  coal-seams  would  be  found  ;  but  in  this  part 
of  the  Carboniferous  range  the  limestone  seams,  as  they  may  be  termed,  have 
no  practical  value,  though  farther  to  the  north  they  are  worked  to  profit. 

What  is  already  proved  is  of  great  importance  in  regard  to  any  further  steps 
which  may  be  advisable,  on  which  I  shall  be  prepared  to  report  after  seeing  selec- 
tions from  the  other  cores  brought  up  in  the  boring,  and  considering  the  plans 
and  other  means  of  judging  which  you  will  be  able  to  supply. 

John  Phillips, 
April  4,  1874.  Oxford. 

To  John  Johnson,  Esq., 

Newcastle-upon-Tyne. 


XXXVI. — No.  2  Diamond-boring  on  the  White  House  Estate,  near  Norton. 


No.    Description  of  Strata. 

1  Soil 

2  Red  sandy  clay     ... 

3  Blue  clay    .. 

4  Sand  

5  Sand  and  gravel    ... 

6  Sand 

7  Red  clay     ...- 

8  Dark   brown   sandy 

clay       

9  Soft     brown     clay, 

mixed  with  sand 

10  Brown  pinnel 

11  Red  loamy  sand    ... 

12  Brown  pinnel 

13  Grey  sandstone 

14  Brown  pinnel 

15  Grey  loamy  sand  ... 

16  Dark  brown  pinnel 

17  Dark  brown  pinnel 

and  cobbles 
IS  Red  sandstone 

19  Red  marl 

20  Red  sandstone 

21  Red  marl    

22  Red  sandstone 

23  Red  marl    

24  Red  sandstone 

25  Red  sandy  marl    ... 

26  Red  sandstone 

27  Red  sandy  marl    . . . 


Thick- 
ness of 

Strata. 
Ft.  In. 


1 

4 
15 

1 
1 
5 

15 


30     3 

4  0 
16     1 

4  0 

5  10 

0  3 
10  11 

2    0 

2  11 

14     9 
24    8 

1  0 
23  10 
14    7 

9  2 

7  0 

3  6 
40  0 

5  6 

6  6 


Depth 

from 

Surface. 

Ft.  In. 

1  0 

5  0 

20  2 

21  6 

23  0 

28  1 

43  6 

73  9 

77  9 

93  10 

97  10 

103  8 

103  11 

114  10 

116  10 

119  9 

134  6 

159  2 

160  2 

184  0 

198  7 

207  9 

214  9 

218  3 

258  3 

263  9 

270  3 

No.    Description  of  Strata. 

28  Red     marly     sand- 

stone 

29  Red  marl,  with  gyp- 

sum    and     blue 
joints     ... 

30  Red  marl,  with  blue 

joints   and   gyp- 
sum 

31  Red      marl,      with 

veins  of  gypsum 

32  Red  marl,  with  blue 

joints   and   gyp- 
sum 

33  Red      marl,      with 

veins  of  gypsum 

34  Red  marl,  with  blue 

joints     ... 

35  Red  marl,  with  blue 

spots 

36  Red  sandy  marl    ... 

37  Red      marl,       with 

veins  of  gypsum 

38  Anhydrite 

39  Red  marl,  with  blue 

spots  and  gypsum 

40  Bed  marl,  with  gyp- 

sum (compact) . . . 

41  Anhydrite  .. 

42  Magnesian    lime- 

stone 


Thick- 
ness of 
Strata. 
Ft.   In. 


6  0 

13  8 

11  0 

49  5 

11  0 

17  1 

10  7 

6  0 

6  3 


16    8 
20    6 


Depth 

from 

Surface. 

Ft.  In. 


21     3      291     6 


17      293     1 


299     1 
312    9 

323     9 

373    2 

3S4    2 

401     3 
411  10 

417  10 
424     1 


3    0      427     1 


443    9 
464     3 


55    9      520    0 


1 22 


CLEVELAND  and  BOUTH  DURHAM  BALT  INDUSTRY. 


P'i".l. 


ctoooooo 

"  :;  &  go  :.  7' 
r.  '.  ~.  ~.  j.  -. 


oo     mooootoo 


ooo 

-9X8 


poxiiv 


■any 


:  *  O  O  © 
—  -i  ^  ~  o  3)  — ' 
O        Ot) 


ooo 


Bjasg' 


j  |  5 


raojj  qi'l  ><i 


-ssaiupiqj; 


iSfl  OoB 

3 


raojj  mdoQ 


(SCO 


raojj  qidaQ 


-  —  ^  O  3 
•Mr— OO 


go      ^O 
6s,  co      r— o 


a>  oooo 

CM f  ML-i* 

Ci  oooo 

§.*  to  t— w  ^ 
in  ua  -^  ta 

o  oooo 

co ©eooo^* 

00  oooo 

e-  ooo«o 

ct^.  [v.  c  c-.  c-.c*.  »-c~.  antDO' 

w  oooo 

Oi ^Hcoe«o 

ira  oococo-w" 

CD  r— 000000 


O 


moi}  q^daa 


com 

'mm 
ooo 


•ssaropiqx 


CO  0*5 

«3 


•9»EJJtlg 

raoij  qidag 


CDUO 

'©■*»■ 


OOIO 

oo  CO  C4 


ocooo 


ffl  o  ■" 

OS 


'30«JJtlg 

raojj  qjdaa 


■siisodad  aoBjmg 
jo  ssau^oiqx 


JOOOOO 

i  c— eoo  coo's 


:  bo 


cS  3 


: 6*  ■  -  -  -  ~  -  : 


I'll 


-  .•-'^Mrtvinto^toniooocr.o 


is 

.a:  _, 
•9  S 


M5E>>S 


s«   > 


>5M 


CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY. 


128 


124 


CLEVELAND  AND  SOUTH  DURHAM  SALT  INDUSTRY. 


!    a 

L  O -S  «♦•* 'zJ 

.  ~  ~  o  « 


Nooooooonn      -^irsoooooooo 


w°x 


a     oooooc 

p^        CtS«OOC 


lOOOWPl       Clr-iOOOOO  oooooo 
>  CI  f-  O  CO  CO        ■"^OiaoeQCJQCiCOCS^'QCTlOJ 


■poxijM 


3      CO 

1-4 


_     Z  C3  "-   ~ 


ojtia 


go?         o 


0>0        I-H03OOOOOOOOO 

'■*pe-     wntopj^ooiowtQ 
osco     t^cot-ooci'WwiS'i'rt-* 


lis 

£  8  S 


xaox}  qitloa 


iilf 

s.§3c£ 

Hi 


moaj  qidaci 


oo 


•ssatnpiqx 


coos 

fHlO 


aft* 


ao'Bjjng 
tnojj  mclaa 


<mo     e»r-iooooooo 

•  as  ~«     vomfii 


cn  co       .-H.-IOOOOOO©  CS  i-l 

"no     a>nNHt*^MOto°"cv'"'iflN 

COCO         (HHrtHfOOfflC  C©^ 


8oi2 

Hi  =*S 

o 


•80BJJTIS 


fl    °  .  .8 

CD  '     'OS 

-»       -<f  OO 

fx,      CO  r— 


©CO     cooooooooo 

c-c~       OlOlQOO^^CTCOn 

c-c-     co  oo  co  as  as  en  as  as  c— 


•ss3n!{0iqi 


iHOO         © 


COO 


■A"*3 

OS    0=< 


■SO'BJJtlg 

raoij  q^daa 


■1     •     'OS 


moo     as 


S      2 
i— i      "^ 

00  : 


OSH       i-i 


So" 


80BJJ11S 

raoaj  q'jdao: 


oirscooo 
■  ooOi-fin 

HOI  -*  CO 


•s^isodaa  aoBjjng 
jo  ssansioiqx 


00-** 


CSOCN©OCOCOCO 

"^wcswcococo-a* 


ri-i  (McoHHio--ot-coos 


m  3 


^H  O*  CO  -^  ITS  to  t—  co  s  <-« 


S2"c: 


H 


§      ^  '-6WM& 

2.  -5  -O 

°  8©3 

sfesH 


^  -  «  a         fc 

*  gc^S      :g 
«^«a^    at* 


^M        HI 


3      aKaMa^i^^ 


y.  SaZcJjidzcstry. 


Un&etl  jUhafo  Co.  Z<1, 

tty^Lffiwut&is  &  Sows} 


Vol.1  Plate  LV 


^ 


*0 


% 


Bell  yBiro&i&ris  Xel>. 


XfA    -'-"'-/'-. 


VoL.imK.PLATE  am 


To  illusiiMii-  >l'  Itilm  Maria's  Paper  on  Tfie  CJnvituui  J?  South  DurJiani  Sail  liulitstr] 

Cotrpon     MahAh 


Vol  I  Platxlv 


.init  Vhion.  lid- 
5-  ^tarencx-j 


% 


Hell  ^Brothers  Zet. 


DISCUSSION — CLEVELAND  AND  SOUTH  DTJBHAM    SALT  1NDUSTET.  125 

The  Chaieman  invited  comments  on  the  paper,  which,  however,  would  be  open 
again  for  discussion. 

Mr.  Thos.  Bell  suggested  that  when  the  paper  was  again  discussed  an  enlarged 
map  should  be  hung  on  the  wall  showing  the  position  of  the  various  boreholes, 
together  with  a  section  showing  the  position  of  the  different  beds  bored  through.  A 
paper  by  Mr.  T.  W.  Stuart  had  been  alluded  to,  and  he  thought  if  that  gentlemen 
could  be  induced  either  to  read  that  paper  or  give  them  some  extracts  to  accompany 
this  one,  the  different  boring-machines  being  treated  of,  it  would  be  very  interesting ; 
if,  however,  these  machines  were  mentioned,  care  should  be  taken  to  omit  none. 
There  was  a  dispute  among  geologists  in  the  district  as  to  whether  the  Bed  Sand- 
stone underlaid  the  Lias. 

Prof.  Lebour — There  is  no  reason  to  think  it  does  not. 

Mr.  Thos.  Bell. — Could  it  be  proved  ?  He  had  had  some  discussion  at  a 
meeting  of  the  Manchester  Geological  Society  on  the  point ;  they  said  it  was  so,  but 
he  had  given  them  some  notes  on  the  Lackenby  Hole  to  show  that  it  did  not.  It 
might ;  but  had  any  gentleman  ever  met  with  a  case  where  it  overlapped  ?  The 
object,  however,  of  his  rising  was  not  to  ask  these  questions  so  much  as  to  propose 
a  vote  of  thanks  to  Mr.  Marley  for  his  paper. 

Mr.  J.  B.  Simpson  said  he  had  much  pleasure  in  seconding  the  vote  of  thanks  to 
Mr.  Marley.  The  paper  was  a  very  interesting  one,  and  when  it  was  in  the  hands  of 
the  members  they  would  be  better  able  to  consider  the  points  upon  which  they  now 
required  more  definite  information. 

Prof.  Leboub,  in  answer  to  Mr.  Bell,  said  that  with  regard  to  the  red  beds 
beneath  the  Lias,  unless  they  actually  bored  beneath  the  Lias  he  did  not  think  they 
could  absolutely  prove  it,  but  there  was  no  reason  to  doubt  that  the  red  beds 
continued  in  that  direction,  though  one  could  not  tell.  That  red  beds  occur  in  other 
districts  was  of  course  well  known.  In  the  Bristol  district,  for  instance,  the  Lias 
was  to  be  seen  above  and  the  red  beds  below.  That  the  red  beds  fell  out  somewhere 
to  the  south  there  was  no  doubt ;  the  probability  was  that  the  Lias  rested  on  some 
of  the  older  beds,  but  he  did  not  see  how  it  could  be  proved  in  the  Xorth  of  England 
except  by  boring.  It  was  not  to  be  supposed  that  where  they  had  a  considerable 
thickness  of  these  beds  of  red  sandstone  there  would  be  a  thinning  out  immediately. 

The  Chaibman  said  they  would  all  agree  in  pas-ing  this  vote  of  thanks.  They 
would  also  ask  Professor  Lebour — even  if  Mr.  Marley  was  not  able  to  attend  to  it — 
to  make  some  arrangements  for  a  plan  and  sections  in  a  conspicuous  form  for  the 
next  meeting,  something  like  Mr.  Simpson's  well  known  coal  sections. 

The  Chaibjian  said  he  would  not  offer  any  further  observations — rather  reserv- 
ing till  the  adjourned  discussion  anything  he  might  have  to  say ;  but  he  would 
allude  to  the  extensive  discoveries  in  recent  times  of  valuable  salt-beds  in  other 
districts  than  the  Tees — among  which  was  that  on  the  West  coast  near  Fleetwood, 
where,  at  100  yards  depth,  the  top  of  a  salt-bed  was  reached,  which  had  been  sunk 
through  and  proved  to  be  100  yards  thick.  This  would  be  likely  to  prove  a  strong 
competitor  with  this  district. 

The  vote  of  thanks  was  carried  with  acclamation. 


ELECTION  OF  OFFICERS. 
The  Scrutineers  submitted  the  list  of  officers  for  the  ensuing  year  as  follows : — 

Pbesident. 
"Wm.  Cochrane,  Esq.,  Grainger  Street  West,  Xewca.>tle-upon-Tyne. 
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Vice-Presidents. 


William  Armstrong,  Sen.,  Esq.,  Pelaw 

House,  Chester-le-Street. 
T.    J.    Bewick,  Esq.,   Suffolk    Bouse, 

Laurence   Pountncy   Hill,   London, 

E.C. 
Wm.  Lishman,  Esq.,  Bunker  Hill,  Fence 

Houses. 


Q.  May,  Esq.,  Harton  Colliery,  South 

Shields. 
J.  B.  Simpson,  Esq.,  Hedgefield  House, 

lon-upon-Tyne. 
James  Willis,  Esq.,  11,  Portland  Terrace, 
Newcastle-upon-Tyne. 


Council. 


Henry     Armstrong,     Esq.,    Chester-le- 
Street. 
Wm.  Armstrong,  Jan.,  Esq.,  Wingate, 

Co.  Durham. 
T.  W.  Asquith.  Esq.,  Harperley,  Lintz 

Green,  Newcastle-upon-Tyne. 
Emerson    Bainbridge,    Esq.,   Nunnery 

Colliery  Offices,  Sheffield. 
T.  W.  Benson,  Esq.,  11,  Newgate  Street, 

Newcastle-upon-Tyne. 
R.  F.  Boyd,  Esq.,  Houghton-le-Spring, 

Fence  Houses,  Co.  Durham. 
II.  Walton  Brown,  Esq.,  3,  Summerhill 

Terrace,  Newcastle-upon-Tyne. 
Sir  B.  C.  Browne,  Westacres,  Benwell, 

Newcastle-upon-Tyne. 
T.   E.   Forster,   Esq.,   North   Jesmond, 

Newcastle-upon-Tyne. 


T.  Heppell.  Esq.,  Leaneld  House,  Birtley, 

Chester-le-Street. 
H.  Lawrence.  E*q.,  Grange  Iron  Works, 

Durham. 
Prof.  J.  H.  Merivalc,  2.  Victoria  Villas, 

Newcastle-upon-Tyne. 
M.  W.  Parrington,  Esq.,  Wearmouth 

Colliery,  Sunderland. 
A.  M.  Potter,  Esq.,  Shire  Moor  Colliery, 

Earsdon,  Newcastle-upon-Tyne. 
T.  H.  M.  Stratton,  Esq.,  Cramlington 

House.  Northumberland. 
J.  G.  Weeks,  Esq.,  Bedlington,  R.S.O., 

Northumberland. 
R.   L.    Weeks,    Esq.,   Willington,    Co. 

Durham. 
W.  O.  Wood,  Esq.,  South  Hetton,  Sun- 
derland. 


Mr.  A.  L.  Steavenson  said  he  had  much  pleasure  in  congratulating  their  new 
President ;  he  hoped  he  might  have  many  years  of  health  and  strength  to  enjoy 
a  successful  presidentship. 

Mr.  Cocheane  said  he  felt  very  proud  of  the  honour  which  the  members  had 
done  him,  and  he  assured  them  that  he  would  do  his  best  to  add  to  the  success 
of  the  Institute.  He  felt  a  little  nervous  about  taking  the  presidency  under  any 
circumstances,  and  it  looked  as  if  he  were  afraid  of  the  position  when  he  told  them 
that  he  was  going  away  for  a  time ;  he  hoped,  however,  when  he  came  back  that 
he  would  have  good  health  to  enable  him  to  devote  his  energies  to  their  interests. 
The  Institute  would  not  suffer  by  his  absence,  for  he  knew  he  could  rely  on  the 
band  of  Past- Presidents  wrho  were  ready  to  support  him,  and  without  whose 
assistance  and  that  of  the  Council  he  could  not  undertake  the  work.  He  felt  certain 
that  under  the  circumstances,  and  knowing  that  he  had  gone  away  for  his  health's 
sake,  they  would  conduct  the  affairs  of  the  Institute,  in  his  absence,  as  well,  and 
perhaps  better,  than  he  could  have  done.     He  thanked  them  cordially. 

Mr.  J.  B.  Simpson  said  there  was  one  duty  they  must  not  overlook.  There  was 
an  old  proverb  that  it  was  better  to  be  off  with  the  old  love  before  they  were  on 
with  the  new  ;  and  they  ought  not  to  part  to-day  without  emphasizing  their  thanks 
to  Mr.  Marley  for  the  manner  in  which  he  had  conducted  the  affairs  of  the  Institute 
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for  the  past  two  years,  their  sympathy  with  him  in  his  illness,  and  tiie  'nope  that  he 
might  be  soon  recovered  and  able  to  come  amongst  them  again.  They  all  knew 
that  Mr.  Marley  had  thrown  his  whole  heart  into  the  work  of  the  Mining  Institute, 
and  they  ought  therefore  to  convey  to  him  in  some  manner  their  appreciation  of  the 
very  able  manner  in  which  he  had  conducted  their  proceedings. 

Mr.  COCHRANE  could  only  say  that  taking  the  chair  after  Mr.  Marley  was  one  of 
the  serious  things  he  had  to  face.  Mr.  Marley  had  unreservedly  devoted  his  time  and 
attention  to  the  interests  of  the  Institute,  he  had  done  all  that  a  President  could  be 
expected  to  do,  and  he  thought  the  members  would  admit  that  the  Institute  had 
prospered  in  consequence.  He  would  be  happy  to  convey  to  Mr.  Marley  personally 
and  by  letter  the  kind  expressions  to  which  Mr.  Simpson  had  given  utterance,  and 
the  manner  in  which  these  had  been  received.  He  was  very  pleased  to  second 
Mr.  Simpson's  motion. 

The  vote  of  thanks  to  the  retiring  President  was  heartily  adopted. 


Mr.  Jas.  Willis  proposed  a  vote  of  thanks  to  the  Scrutineers.  The  task  of 
these  gentlemen  was  an  unwelcome  lone,  and  occupied  considerable  time  which  they 
might  have  spent  much  more  pleasurably  in  listening  to  the  interesting  papers  and 
discussions. 

Mr.  Simpson  seconded  the  proposal,  which  was  unanimously  approved. 


LECTURE  THEATRE. 

The  President  said  that  before  closing  the  meeting  he  would  call  the  attention 
of  the  members  to  the  arrangements  in  connexion  with  the  lecture  theatre.  They 
could  now  see  from  the  window  the  white  glazed  bricks  of  the  passage  which 
enclosed  the  new  ground  they  held  from  the  railway  company.  The  only  draw- 
back to  this  acquisition  was  that  it  would  be  dark  when  the  railway  company's 
buildings  were  completed.  The  only  natural  light  they  would  have  in  the  lecture 
theatre  would  be  from  the  end  windows.  The  question  of  lighting  by  electricity  or 
some  other  mode  would,  however,  come  before  the  Council  in  due  course.  He  would 
also  like  to  call  attention  to  an  adjoining  room,  in  which  the  whole  of  their  stock  of 
Proceedings  had  been  very  conveniently  arranged  by  Mr.  Gosman.  Although  the 
stock  had  been  put  there  at  some  little  cost,  he  thought  they  would  all  agree  that 
the  manner  in  which  it  was  now  stored  was  very  efficient,  and  they  could  obtain 
information  at  any  moment  as  to  the  volumes  in  hand. 

Mr.  Bell  asked  if  the  Council  had  agreed  to  the  railway  company  closing  the 
side  windows  .' 

The  President  explained  that  the  Institute  never  had  any  right  of  light  in 
that  direction  ;  they  had  always  paid  an  acknowledgment  of  5s.  a  year  for  it,  and 
now  that  the  railway  company  had  purchased  the  adjoining  property  they  had 
power  to  build  close  to  the  windows. 


The  President  announced  that  the  next  meeting  of  the  Federated  Institution 
would  take  place  at  Nottingham,  on  the  24th  and  25th  of  September,  when  he  hoped 
many  members  from  the  North  of  England  would  attend.  There  would  be  every 
inducement,  for  the  colliery  own  'ere  taking  the  matter  up  strenuously. 

He  was  sorry  he  would  not  be  there  himself  ;  but  he  hoped  the  meeting  would  be 

as  it  promised  to  be — a  success,  and  that  the  members  would  enjoy  it  thoroughly. 

The  meetins:  then  concluded. 


128  BABOMETEB,  THEBMOMETEE,    ETC.,   BEADINGf 


A  r  PEN DIC  BS. 


I.— BAROMETER,  THERMOMETER,  Etc.,  READINGS  FOB  THE  FEAB  1889. 


By  M.  Walton  Bbown. 


The  barometer,  thermometer,  etc.,  readings  have  been  supplied  by  permission  of 
the  authorities  of  the  Glasgow  and  Kew  Observatories,  and  give  some  idea  of  the 
variations  of  temperature  and  of  atmospheric  pressure  in  the  intervening  districts  in 

which  the  ruining  operations  of  this  country  are  chiefly  carried  on. 

The  barometer  at  Kew  is  34  feet,  and  at   Glasgow  j*  180  feet,  above  sea-level. 
The  barometer  readings  at  Glasgow  have  been  reduced  to  32  feel    above  sea-level  by 
the  addition  of  -lo0  inch  to  each  reading,  and  the  barometer  readings  at  both  < 
vatories  are  reduced  to  32  degs.  Fahr. 

The  fatal  explosions  in  collieries  are  obtained  from  the  annual  reports  of  H.M. 
Inspectors  of  Mines,  and  are  printed  upon  the  diagrams  recording  the  Meteorological 
Observations. 
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30-457 

30-458 

30-389 

30-400 

43-8 

40-2 

w 

2-3 

30-270 

30-227 

30154 

30-142 

47-4 

43-6 

WSW 

26 

30-366 

30-399 

30-353 

30-367 

49-5 

41-9 

w 

26 

30-141 

30-147 

30-223 

30-383 

47-5 

33-0 

NW 

27 

30-476 

30-609 

30-608 

30-605 

44-3 

28-5 

NNE 

27 

30-463 

30-489 

30-371 

30-254 

42-0 

28-8 

SSW 

28 

30-492 

30460 

30-362 

30-288 

48-1 

31-9 

SW 

28 

30-175 

30-138 

30-039 

29-877 

45-9 

41-9 

WSW 

29 

30-090 

29-905 

29833 

30-027 

48-1 

35-0 

SW 

29 

29-568 

29-413 

29-726 

29-745 

46-2 

37-0 

NW 

30 

30-032 

29-944 

29-790 

29-900 

47-0 

32-3 

SW 

30 

29-513 

29375 

29-604 

29-686 

483 

39-8 

WNW 

31 

29-960 

29-915 

29-S02 

29-838 

53-0 

40-8 

w 

31 

29-562 

29-460 

29-453 

29-584 

50-7 

42-8 

WSW 

FEBRUARY,  1889. 


1 

29-816 

29-772 

29-605 

29591 

2 

29-647 

29-705 

29-634 

29-548 

3 

29-311 

29-228 

29151 

29-221 

4 

29-666 

29-861 

30-091 

30-244 

5 

30275 

30*263 

30-147 

30-070  1 

6 

30011 

29-989 

29  923 

29812 

7 

29-485 

29  625 

29-884 

29-988 

8 

29-820 

29-520 

29347 

29-367 

9 

29-452 

29-568 

29-630 

29-758 

10 

29-802 

29-742 

29-424 

29-133 

11 

29140 

29-473 

29664 

29-853 

12 

30-020 

30-127 

30-193 

30-315 

13 

30-279 

30-178 

29966 

29-757 

14 

29-522 

29-488 

29377 

29-440 

15 

29-476 

29-652 

29-860 

30-107 

16 

30-198 

30-173 

29-989 

30-017 

17 

30-080 

30-194 

30-236 

30-340 

18 

30-497 

30-436 

30-421 

30-385 

19 

30-344 

30-400 

30362 

30-334 

20 

30201 

30-050 

29-915 

29-945 

21 

30012 

30-130 

30-176 

30-207 

22 

30175 

30-161 

30-103 

30-081 

2;> 

30-094 

30-158 

30-191 

30-235 

24 

30-236 

30-207 

30-124 

30-123 

25 

30-044 

30-001 

29-883 

29-837 

26 

29-793 

29-799 

29-746 

29-702 

27 

29-620 

29-585 

29-553 

29596 

28 

29-612 

29-684 

29-733 

29-798 

55-8 '  473 
473  33-5 
421  32  9 
40-1  j  30-6 
39-6  |  28-0 
43-3  38-8 
45-3   409 


48-3 
36-9 
33-0 
333 
35-8 
41-1 
48-9 
44-7 
44-8 
55-6 
52-5 
491 
49-2 
41-2 
41-0 
373 
38-3 
38-1 
35-4 
37  2 
35-1 


30-1 
28-1 
239 
26-6 
21-0 
151 
39-2 
31-8 
29-6 
41-0 
40-1 
42-5 
39-7 
34'9 
327 
30-6 
31-8 
31-9 
291 
31-9 
30-5 


SW 

1 

29-559 

w 

2    29178 

w 

3 

28-996 

NE 

4 

30-090 

w 

5 

30-146 

WNW 

6 

29-878 

N 

7 

29-680 

WSW 

8 

29-230 

NW 

9 

29-478 

SW 

10 

29-675 

N 

11 

29465 

NW 

12 

30-107 

SSW 

13 

29-805 

w 

14 

29-178 

NW 

15 

29-350 

SSW 

16 

29-931 

w 

17 

29-865 

w 

18 

30-098 

w 

19 

30-080 

NW 

20 

29-978 

N 

21 

30121 

NNW 

22 

30-219 

NNE 

23 

30-213 

N 

24 

30  359 

N 

25 

30175 

NE 

26 

29780 

ENE 

27 

29-702 

NE 

28 

29-739 

29319 
29-207 
29-101 
30-280 
29994 
29883 
29  8g2 
29-152 
29639 
29-545 
29-661 
30183 
29-653 
29  235 
29665 
29-613 
29-935 
30-104 
30190 
29-881 
30-237 
30-205 
30-296 
30-335 
30-064 
29-860 
29-680 
29-821 


29-225 
29-156 
29-464 
30-337 
29921 
29-816 
29-885 
29114 
29-709 
29-358 

30-141 
29-538 
29190 
29-882 
29-600 
29-971 
30-040 
30-226 
29-904 
30-251 
30-138 
30-341 
30271 
29-861 
29-839 
29-650 
29-865 


29-213 
29-071 
29794 
30-306 
29-908 
29-655 
29-664 
29-338 
29-738 
29-348 
30-016 
30-068 
29-102 
29126 
30020 
29-742 
30-065 
29-971 
30  155 
30011 
30-251 
30-159 
30-406 
30-271 
29777 
29-784 
29686 
29963 


51-1 
3So 
•13-0 
40-1 
44-4 
42-4 
37'9 
43-5 
32-2 
29-5 
35;6 
37*8 
47-4 
47-0 
49-5 
47-9 
60-0 
59-2 
46-3 
47-3 
42-8 
41-2 
40'1 
41-3 
38-9 
38-4 
37-9 
36-4 


3G-3 
31-0 
34-6 
33-2 
33-1 
33-4 
28-9 
31-5 
26-4 
25-0 
26-4 
23-6 
34-1 
34-0 
30 -1 
30-3 
42-5 
45-0 
39-5 
39  0 
36-0 
36-0 
32-8 
29-0 
34-1 
32-1 
31-8 
31-4 


SW 

w 

NNW 
NW 

WSW 

W 

NW 

WNW 

NNW 

NW 

N 

WSW 

w 

WNW 
NW 
WSW 
WSW 
SW 
WNW 
WNW 

N 
WSW 
ENE 
NNE 
W 
E 
ENE 
ESE 


BABOMETE'l     THERMOMETER,    ET(        HEADINGS, 


MARCH,  1889. 


k  i .  n . 

GLASGOW. 

Baromktek. 

1  I.M 
TU 

[■ERA- 
RE. 

"  a 
.2  Z 

—  n 

Barometer. 

Tempera 
tore. 

•5§ 

"5  a 

•is 

d 

I  A.M. 

10  a.m. 

4  p.m. 

10  P.M. 

M:i\   Mill. 

%-n 

- 

4  a.m. 

10  a.m.  4  p.m. 

10  p.m.  Max 

Min. 

S| 

e 

1 

29-857 

319 

30-8 

31 

29-989 

29-976  353 

29-8 

51 

29-805 

29857 

NE 

l 

29-969 

29  967 

E 

2 

29-926 

29  957 

338 

NNE 

a 

29947 

29-963 

39-935 

29955   354 

290 

ENE 

3 

29954 

360 

SU 

s 

29941 

29918    34  9 

271 

SE 

4 

;,  i  030 

30/053 

372 

30-9 

SE 

i 

29  941 

39-921 

29-946 

350 

251 

SE 

5 

30145 

30-184 

387 

28-0 

S 

5 

29  929 

29  92.". 

29-863 

29  870 

365 

306 

ESE 

6 

30161 

30112 

29993 

452 

259 

SSW 

6 

39-771 

29  663 

29567 

29-521   410 

33-3 

SSW 

7 

29-669 

29318 

39-327 

490 

359 

S 

7 

29   142 

29-406 

29318 

29-280 

381 

33  4 

ESE 

8 

29  2!  1 

29-147 

10-2 

S 

8 

29-266 

29-258 

29-273 

432 

31-6 

WSW 

9 

29-323 

29  534 

29  690 

w 

9 

29-270 

29-339 

29376 

441 

33-4 

W 

10 

29-710 

39-732 

39-708 

29761 

43-9 

401 

NE 

10 

29-480 

29588 

29675 

29-816 

452 

337 

WNW 

11 

29-808 

29-940 

30-036 

30193 

44-1 

X 

11 

29-905 

30060 

30-080 

41  1 

300 

WNW 

12 

30-275 

30257 

481 

297 

sw 

12 

30058 

39-991 

30-088 

.'"•012 

494 

39  1 

W 

13 

30-223 

30-158 

30- 16-1 

30-258 

47' 1 

NW 

13 

29998 

*ni97 

80*163 

30276 

515 

40-0 

W 

14 

30-302 

30345 

80-393 

30-371 

18-2 

38-2 

N 

14 

30-298 

30310 

30291 

30380 

496 

37  6 

w 

15 

30-440 

30551 

30-55* 

30580 

28-9 

NE 

15 

3  1-423 

30-455 

30414 

30-385 

431 

375 

sw 

16 

30523 

30-454 

30312 

495 

28-1 

SW 

16. 

30290 

30208 

30186 

30176 

50-8 

412 

WNW 

17 

30229 

30-232 

30143 

53-4 

382 

WNW 

17 

30101 

30039 

29971 

29-898 

48-5 

389 

wsw 

18 

29993 

29913 

29740 

48-1 

41-9 

SSW 

18 

29-773 

29701 

29585 

89-487 

420 

372 

NE 

19 

29-428 

29359 

29201 

29003 

536 

380 

SSW 

19 

29342 

29  237 

29  092 

28992   444 

390 

ESE 

20 

28967 

28-981 

38-952 

29013 

49-8 

40-2 

SSW 

ao 

28-926 

29- 926 

29210 

29426   41  0 

350 

NE 

21 

29117 

29313 

39-688 

29-847 

343 

N 

21 

29-578 

29748 

29844 

29947   399 

321 

NE 

22 

29-989 

30115 

30143 

30-311 

45-0 

328 

N 

22 

29965 

29969 

29-993 

30008   48-7 

31-8 

WNW 

23 

30-243 

30286 

30  244 

30  255 

51-0 

309 

W 

33 

29-912 

29850   29791 

29834   475 

415 

SW 

24 

30-217 

30208 

30179 

30-198 

5S3 

440 

wsw 

21 

29834 

29835   29876 

29-824   510 

471 

WSW 

25 

30-101 

29994 

29-895 

29-947 

57-6 

430 

sw 

31 

29648 

29706   29697 

29692   500 

389 

w 

26 

29924 

29929 

29-993 

30105 

47-8 

391 

NW 

36 

29764 

29924   30-029 

30- 183   45- 1 

344 

NW 

27 

30188 

30-287 

30-313 

30-432 

470 

321 

N 

27 

30275 

30-349   30-323 

30317   417 

293 

W 

38 

30-458 

30468 

30-403 

30-392 

508 

270 

W 

38 

30-267 

30-229   30-223 

30-257   486 

379 

SW 

29 

30-331 

30327 

30-292 

30268 

57-8 

437 

NW 

29 

30  252 

30234   30-187 

30127   51-9 

45.3 

W 

30 

30-190 

30133 

30-022 

29965 

540 

43-7 

W 

30 

30028 

29953   29936 

29-908   502 

40-2 

WNW 

31 

29910 

29873 

29830 

29894 

509 

391 

NW 

31 

29833 

29  833   29829 

29-880   513 

38-7 

NW 

APRIL,  1889. 


1 

29942 

29  963 

29891    29-866 

525 

342 

WNW 

1 

29853 

29751 

29727 

29-787 

47-0 

38-0 

WNW 

2 

29852 

29-910 

29878   29-862 

48-8 

40-9 

NW 

2 

29-839 

39-866 

29844 

29-866 

44-0 

357 

WNW 

3 

29854 

29-846 

29719   29499 

43-3 

368 

SW 

3 

29793 

29  672 

29439 

29213 

39-0 

362 

SSE 

4 

29332 

29205 

29-161    29-256 

50-6 

420 

S 

4 

39-135 

29188 

29348 

29-488 

401 

351 

ENE 

5 

29327 

29-396 

29-397   29451 

536 

SE 

5 

29527 

29o32 

29544 

29-624 

416 

359 

E 

6 

29-456 

29504 

29-451    29-430 

50  1 

400 

NE 

6 

29  592 

29-594 

29630 

29-540 

430 

352 

E 

7 

29351 

29-356 

29-351   29-398 

50-8 

373 

E 

7 

29534 

29547 

29561 

29-564 

43-4 

369 

E 

8 

29  353 

29329 

29-254   29254 

54-4 

42-4 

ENE 

8 

29  460 

29-458 

29-438 

29484 

44-6 

365 

E 

9 

29259 

29-326 

29  360   29  428 

48-0 

42-6 

NE 

9 

29-488 

29504 

29499 

29536 

43-6 

362 

ESE 

10 

29-439 

29  487 

29474   29-489 

44-4 

40-4 

E 

10 

29527 

29580 

29591 

29-614 

416 

36-8 

E 

11 

29461 

29-472 

29-493   29545 

49- 1 

36-0 

SE 

11 

29590 

29-582 

29573 

29607 

42-3 

383 

NE 

12 

29541 

29-595 

29593   29642 

510 

35-0 

NE 

12 

29638 

29759 

29812 

29-881 

438 

38-3 

ENE 

13 

29652 

29-704 

29693   29-705 

461 

396 

N 

13 

29880 

29880 

29858 

39*888 

470 

37  4 

NE 

14 

29677 

29719 

29767   29869 

436 

37-0 

N 

14 

29-887 

29-906 

29875 

29-906 

519 

32-4 

W 

15 

29897 

29931 

29896    29954 

48-2 

36-0 

N 

15 

29  901 

29-923 

29  941 

29971 

510 

36  0 

ENE 

1  16 

29  956 

29962 

29935   29957 

48-5 

336 

N 

it; 

39-951 

39-962 

29921 

29907 

516 

390 

WNW 

17 

29-926 

29947 

29935   30010 

55-0 

39-8 

NW 

17 

29-921 

29-955 

29-983 

542 

420 

WNW 

18 

30046 

30-112 

30109   30-144 

61-9 

48"2 

N 

18 

29-!  84 

29  957 

495 

454 

WSW 

19 

30-169 

30218 

30182   30193 

61-9 

438 

W 

19 

39-924 

39-927 

29-894 

29-855 

569 

46-2 

SW 

20 

30100 

30035 

29-993   29987 

588 

45-6 

SW 

20 

29712 

29700 

29-649 

29534 

536 

44-7 

WSW 

21 

29-874 

29795 

29-684   29755 

55-0 

42-0 

SSW 

21 

29388 

29326 

29317 

29365 

492 

41-3 

sw 

22 

29-766 

29797 

29785    29-852 

55-0 

40-9 

w 

22 

29406 

29-621 

29  659 

29658 

488 

40-0 

w 

23 

29-843 

29751 

29-558   29-542 

532 

37-0 

sw 

33 

29  452 

29-284 

29-261 

29-303 

503 

41-5 

w 

24 

29-444 

29434 

29461   29563 

491 

42  6 

NW 

24 

29396 

29567 

29658 

29802 

500 

388 

NNE 

25 

-29-606 

29731 

39-870    29969 

511 

373 

N 

35 

39*882 

29-945 

29926 

29939 

53-2 

42  2 

ENE 

26 

29-991 

29996 

29957   29976 

58-1 

341 

SW 

26 

29893 

29-814 

29724 

29693 

50-9 

377 

SSE 

27 

29-945 

29978 

29925   29-928 

60-0 

45-2 

WSW 

27 

29738 

29-814 

39-802 

29778 

550 

41-4 

SW 

28 

29821 

29749 

29-678   29765 

57  3 

42  2 

S 

28 

29721 

29620 

29489 

29510 

560 

41-5 

SE 

29 

29815 

29855 

29-834   29-804 

573 

38-7 

S 

29 

29549 

29652 

29691 

29-758 

53-1 

40-9 

SSW 

30 

29-650 

29538 

29-483   29-574 

60-9 

44-1 

ESE 

30 

29752 

29743 

29647 

29523 

51-9 

407 

ENE 
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MAT,  1889. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

tM  a 
c  o 

Barometer. 

Tempera- 
ture. 

a-  a 
o  o 
o  S 

o  2 

c3 

4a.m. 

10  a.m. 

4  p.m. 

10  P.M. 

1 

Max  Min. 

6 

"3    4a.m. 

10  a.m. 

4  P.M. 

10  p.m. 

Max 

Min. 

2  a 

0 

54-2 

419 

SE 

fi 

54-9 

43-4 

SE 

1 

29-612 

29-694 

29-706 

29-704 

1 

29-441 

29-481 

29-574 

29-662 

2 

29-679 

29718 

29-789 

29-905 

58-3 

42-0 

E 

2 

29-653 

29-646 

29653 

29-713 

58-2 

42-0 

S       1 

3 

29-937 

29953 

29953 

29-970 

60-9 

44-2 

S 

3 

29-723 

29-727 

29731 

29-795 

513 

40  0 

SSE 

4 

29-940 

29-916 

29-875 

29-890 

719 

48-7 

SE 

4 

29-831 

29-853 

29-838 

29  877 

61-7 

502 

S 

5 

29-847 

29821 

29-761 

29-789 

734 

52-0 

E 

5 

29-860 

29-864 

29-836 

29-869 

563 

47-0 

ENE 

6 

29-771 

29773 

29-738 

29-775 

719 

499 

E 

6 

29-887 

29-906 

29-850 

29  857 

60-2 

44-9 

ENE 

7 

29-782 

29-794 

29-774 

29-797 

64-0 

51-4 

S 

7 

29-806 

29-745 

29-667 

29-672 

58-2 

46-3 

ENE 

8 

29-789 

29-848 

29-825 

29-827 

630 

48-0 

'  s 

8 

29-639 

29662 

29-680 

29-721 

582 

47-0 

W 

9 

29-722 

29-630 

29-608 

29  659 

716 

50-7 

E 

9 

29721 

29748 

29-682 

29698 

58-0 

49-2 

E 

10 

29-668 

29750 

29-781 

29-802 

61-3 

510 

sw 

10 

29-640 

29-619 

29-678 

29-799 

55-4 

46-2 

ENE 

11 

29-760 

29-765 

29  769 

29769 

552 

48-4 

NW 

11 

29-824 

29-812 

29-801 

29-887 

565 

47-9 

ENE 

12 

29-744 

29-777 

29-800 

29-828 

521 

47-3 

WSW 

12 

29-896 

29  891 

29-881 

29-917 

62-7 

480 

ENE 

13 

29-825 

29-869 

29-860 

29-880 

58-1 

50  0 

ssw 

13 

29916 

29-937 

29872 

29-878 

636 

46-1 

E 

14 

29-834 

29-835 

29-779 

29-798 

59-6 

48-9 

N 

14 

29  825 

29-794 

29-734 

29747 

533 

452 

ESE 

15 

29-775 

29-805 

29-819 

29-892 

627 

46-8 

N 

15 

29-716 

29-76-1 

29-786 

29-864 

55-5 

450 

ENE 

16 

29'942 

29971 

29-938 

29960 

69-7 

46-1 

NE 

16 

29  922 

29-956 

29937 

29-963 

►59-5 

45-0 

SSE 

17 

29*937 

29921 

29-857 

29-888 

63-4 

47-0 

NE 

17 

29-972 

29-997 

29942 

29-913 

617 

461 

SSE 

18 

29-903 

29  934 

29-905 

29-913 

63-4 

47-2 

SW 

18 

29-856 

29-844 

29-838 

29-847 

633 

47-8 

ESE 

19 

29-902 

29-906 

29-898 

29  949 

59-8 

46-1 

WSW 

19 

29-857 

29-867 

29-881 

29-945 

67-0 

47-6 

N 

20 

29-969 

30042 

30-054 

30-077 

620 

51-4 

N 

20 

29971 

30-014 

30-008 

30-051 

701 

47-6 

SW 

21 

30-068 

30-073 

30-057 

30-066 

669 

50-8 

NNE 

21 

30052 

30-046 

30000 

29979 

721 

51-9 

WNW 

22 

30-024 

29978 

29-892 

29-896 

76-2 

48-3 

NNE 

22 

29-918 

29-883 

29-836 

29-842 

69-8 

53-6 

SSW 

23 

29-848 

29-815 

29-731 

29718 

77-2 

53-3 

S 

23 

29-787 

29-771 

29-7C6 

29-643 

669 

53-7 

SW 

24 

29-658 

29  610 

29-501 

29-494 

77-9 

521 

SE 

24 

29-557 

29-519 

29-508 

29547 

603 

48-5 

SW 

25 

29-457 

29521 

29539 

29599 

68-0 

54-2 

WNW 

25 

29-518 

29-545 

29551 

29-603 

600 

451 

WNW 

26 

29-581 

29631 

29-656 

29699 

57-5 

520 

NNE 

26 

29-621 

29-681 

29-695 

29-775 

64-7 

43-4 

NE 

27 

29-669 

29-704 

29-672 

29-671 

57-7 

512 

NNE 

27 

29-798 

29-775 

29674 

29646 

656 

47-8 

NE 

28 

29-639 

29-664 

29-666 

29-659 

61-2 

519 

SSW 

28 

29555 

29-459 

29-385 

29-409 

536 

49-0 

E 

29 

29-659 

29-673 

29-687 

29-772 

61-4 

474 

SW 

29 

29-403 

29-414 

29-439 

29-483 

600 

47-7 

SW 

30 

29-793 

29-840 

29-820 

29-835 

61-0 

47-3 

S 

30 

29-481 

29  541 

29-563 

29  582 

592 

46-7 

SW 

31 

29-817 

29838 

29-834 

29-909 

63-4 

48-0 

S 

31 

29-504 

29-504 

29-520 

29-572 

58-6 

47-6 

SW 

JUNE,  1889. 


29940 
29-755 
29-736 
30-146 
30-366 
30-176 
29-942 
29-954 
29-698 
29597 
29-787 
29897 
29916 
29-936 

29  926 
30-016 
30-139 
30-201 

30  098 
30-054 
30021 
30-046 
30063 
29-992 
30032 
30-083 
30-006 
30017 
30-125 
30-261 


29-941 

29-884 

29-863 

71-0 

45-8 

S 

1 

29-630 

29701 

29-712 

29-670 

29-660 

29-708 

783 

562 

S 

2 

29751 

29-713 

29  613  I 

29-827 

29945 

30-069 

70-5 

53-1 

WSW 

3 

29-673 

29-708 

29-764 

30245 

30-284 

30345 

73-2 

51-1 

WNW 

4 

29-931 

30071 

30-213 

30-375 

30-278 

30241 

70-0 

53-7 

NNE 

5 

30398 

30  434 

30-381 1 

30114 

29995 

29-978 

792 

54-2 

N 

6 

30-318 

30  220 

30102 

29-950 

29-937 

29-998 

755 

56-2 

N 

7 

30-087 

30-116 

30-076 

29-929 

29-836 

29-800 

59-6 

53-9 

N 

8 

29992 

29918 

29-823 

29-665 

29-614 

29611 

58-4 

531 

N 

9 

29714 

29-752 

29748 

29667 

29714 

29793 

537 

49-3 

NNE 

10 

29-901 

29937 

29-922 

29-838 

29-852 

29-890 

590 

49-4 

N 

11 

29-925 

29-885 

29-810 

29-934 

29-911 

29-936 

65-4 

53-6 

NW 

12 

29786 

29817 

29  821 

29921 

29-872 

29916 

71-2 

551 

SW 

13 

29-802 

29771 

29724 

29-965 

29941 

29-948 

63-6 

51-9 

SW 

11 

29-756 

29797 

29-788 

29-951 

29942 

29983 

663 

54-8 

SW 

15 

29-852 

29-910 

29-923 

30-058 

30055 

30108 

689 

51-9 

NNE 

16 

30-007 

30-052 

30-075 

30163 

30171 

30209 

661 

49-0 

NE 

17 

30136 

30155 

30158 

30-202 

30138 

30143 

63-1 

49-7 

NE 

18 

30-205 

30-202 

30-151 

30-088 

30-039 

30-076 

64-9 

48-1 

NE 

19 

30-173 

30-175 

30-144 

30-060 

29-989 

30-017 

70-9 

531 

NE 

20 

30-158 

30-156 

30-107 

30-033 

30001 

30-046 

712 

54-3 

NE 

21 

30-116 

30-108 

30-031 

30-077 

30-006 

30-048 

73-9 

51-9 

N 

22 

30-064 

30-065 

30-053 

30-045 

29-980 

30-016 

67  3 

515 

NNW 

23 

30-123 

30T13 

30-058 

30-013 

29980 

30-011 

653 

51-8 

NNE 

24 

30-042 

30-047 

30-004  | 

30-054 

30030 

30-082 

745 

53-0 

ESE 

25 

30-061 

30-083 

30  029 

30-076 

30-020 

30-037 

75-7 

51-0 

NNE 

26 

30-047 

30-036 

29976 

29995 

29-965 

30023 

78-0 

551 

N 

27 

29-981 

30011 

30009 

30-035 

30021 

30092 

79-0 

53-9 

SE 

2E 

29990 

29990 

30-012 

30-165 

30161 

30242 

75-7 

55-4 

NW 

29 

30-114 

30157 

30147 

30-286 

30-251 

30-297 

74-8 

56-4 

W 

30 

30-100 

30153 

30-228 

29751 

29  658 
29-855 
30341 
30-353 
30-080 
30-073 
29-766 
29-855 
29-948 
29799 
29-843 
29-735 
29-838 
29-985 
30-105 

30  179 
30-174 
30-170 
30-109 
30034 
30-127 
30-052 
30-049 
30056 
20  986 
30-022 
30-075  , 
30-132 
30-320 


600 

51-0 

SSE 

622 

530 

E 

640 

53-4 

SW 

652 

500 

SW 

68-2 

46-8 

w 

670 

50-4 

E 

66-8 

491 

NE 

611 

46-4 

WSW 

590 

48-6 

E 

G2-2 

455 

ENE 

640 

42-6 

WSW 

62-6 

505 

WSW 

650 

51  8 

SSW 

62-2 

50-0 

SW 

64-4 

47-0 

SW 

634 

49-8 

w 

690 

47-2 

WNW 

70-5 

46-6 

NE 

667 

51-0 

E 

66-8 

51-8 

E 

760 

51-0 

ENE 

77-2 

48-5 

NW 

623 

49-9 

E 

672 

48-9 

ENE 

715 

52-2 

NE 

727 

52-1 

SSW 

66-6 

51-1 

W 

672 

487 

WSW 

64-8 

50-1 

SW 

630 

515 

WNW 

BAIiOMETEB,   THEKMOMETEB,    I  I 


.M'l.V,    .-■•,. 


KKW. 

QOW. 

Babomtsb. 

V8 

°! 

LP.*. 

70-0 

Ml 

51 
w 

0) 

CI 

1 

]  4  a.m. 

j           . 

10  A. M 

tr.M.  10  p.m. 

Max 
060 

Mi... 
50-2 

WNW 

i 

30-348 

30-361 

30-349 

30-382 

30  353 

30-385 

30-386 

30-396 

2 

- 

65-6 

529 

NNE 

2 

30379 

30-379 

30354 

30353 

69  6 

544 

ENE 

3 

30191 

62-2 

545 

KE 

3 

80-817 

30251 

69-6 

53-2 

4 

55-8 

NB 

4 

30-187 

30221 

68-0 

530 

75-8 

54-9 

B 

5 

30171 

30154 

690 

550 

KW 

6 

30-112 

76-7 

50-6 

wsw 

6 

30067 

29-955 

29719 

686 

543 

W 

7 

70-3 

571 

w 

7 

29-641 

29-63-4 

59-0 

450 

WNW 

8 

627 

541 

SB 

8 

29641 

29735 

60-7 

WNW 

9 

71  7 

S 

9 

29774 

29710 

29-712 

65-8 

47-8 

JO 

10 

29-776 

711 

57-8 

SSE 

10 

572 

51-9 

NE 

11 

52-3 

SW 

11 

542 

490 

NE 

12 

58-0 

B 

12 

30-017 

29991 

30008 

62-1 

48-4 

B 

13 

599 

S 

13 

29977 

29944 

29851 

29853 

670 

500 

ENE 

14 

67'4 

57  3 

NE 

14 

29-826 

29807 

29669 

29-742 

601 

470 

W 

15 

29-847 

65-9 

52-1 

sw 

15 

29-664 

29-608 

29-632 

60-2 

477 

W8W 

36 

500 

wsw 

16 

29649 

29-687 

29-723 

29758 

63  4 

44-9 

NNW 

17 

29-965 

29803 

29-865 

48-7 

WNW 

17 

29-765 

29-813 

29815 

29-847 

631 

48-8 

N 

18 

29-92!) 

29-902 

29925 

67-9 

52-2 

BW 

18 

29-845 

29-858 

29-830 

29815 

60-9 

490 

W 

19 

29911 

29-90S 

29845 

29842 

68-1 

47-0 

SW 

19 

29  749 

29734 

29-724 

29721 

59-6 

501 

W 

20 

29-830 

29-708 

29-692 

29-678 

65-2 

19  1 

s 

20 

29680 

29636 

29558 

29  503 

577 

50-5 

E 

21 

29-651 

29600 

29-590 

65-9 

sw 

21 

29-435 

29402 

29-400 

29-547 

652 

49-5 

w 

22 

2978J 

29-874 

29-861 

65-9 

50-8 

sw 

22 

29620 

61-4 

472 

SW 

23 

29-774 

29-781 

63-9 

49-2 

sw 

23 

29603 

29-647 

29-659 

29-703 

508 

49-9 

N 

24 

29-770 

29-809 

29797 

29709 

62-1 

470 

sw 

24 

29-677 

29-599 

89-518 

29-409 

610 

440 

SSW 

25 

29571 

29-556 

29535 

29-535 

022 

54-3 

sw 

25 

29854 

29-360 

29  465 

29597 

595 

50-8 

NNW 

26 

29553 

29655 

29-702 

29767 

65-9 

53-4 

N 

26 

29  624 

29674 

29-705 ! 

29-793 

681 

500 

NW 

27 

29798 

29875 

29916 

29-990 

65-9 

54-0 

NNW 

27 

29-829 

29-888 

29895 

29935 

696 

48-2 

WNW 

2^ 

30-008 

30-040 

30-024 

30-056 

711 

513 

w 

28 

29914 

29922 

29-924 

29970 

61-2 

511 

wsw 

29 

30048 

30-081 

30-085 ' 

30  106 

74-0 

571 

KW 

29 

29971 

30-019 

30-035 

30-078 

67-4 

550 

w 

30 

30-104 

30-118 

30-079 

30-106 

75-1 

557 

8 

30 

30063 

30-008 

30-024 

30021 

717 

54-8 

8E 

31 

30-105 1  30-104 

30-043 ' 

30-038 

76-1 

55-3 

SE 

31 

29995 

29967 '  29-917  1 

29-907 

1 

578 

SSW 

AUGUST,  1889. 


1 

29  973 

29-921 

I 
29-853   29-897 

80-2 

579 

S 

1 

29-855 

29-839 

29785 

29-744 

68-8 

59-2 

WSW 

2 

29-901 

29-949 

29959    29-961 

711 

57-0 

SW 

2 

29678 

29682 

29-695 

29657 

650 

55-3 

SW 

3 

29836 

29-882 

68-2 

596 

SW 

3 

29  566 

29-507 

29556 

54-3 

ENE 

4 

29-920 

29-961 

29-902   29-861 

71-0 

560 

SW 

4 

29742 

29-KI7 

29-782 

65-0 

531 

SW 

5 

29687 

29647   29-720 

68-8 

55-7 

SW 

5 

29  652 

29  555 

29-476 

29-422 

56-4 

52-7 

ENE 

6 

29704 

29-801 

66-4 

531 

SW 

6 

29-367 

29-415 

29517 

29636 

610 

52-9 

NNE 

7 

29846 

29-958 

29-991 

30-080 

688 

52-3 

w 

7 

29-?  7 

29-814 

29865 

29-944 

663 

52-8 

WNW 

8 

30093 

30-086 

30-014 

30-013 

67-4 

49-2 

sw 

8 

29960 

29-965 

29-883 

29-851 

652 

51-7 

ENE 

9 

29-965 

29-908 

29-819 

29-769 

63-2 

526 

s 

9 

29-719 

29  660 

29-658 

29-636 

63-3 

51-1 

W 

10 

29-772 

29750 

29-657 

29600 

67-3 

50-8 

sw 

10 

29-587 

29-549 

29-528 

29-526 

62-2 

47-3 

NNE 

11 

29-489 

29-511 

29-602 

651 

511 

sw 

11 

29513 

29  564 

29-629 

29-703 

590 

523 

NE 

12 

29-622 

29-699 

29781 

29888 

60-6 

503 

NW 

12 

29-7.55 

29-803 

29810 

29-856 

606 

51-2 

NW 

13 

29926 

29-985 

29-992 

30-032 

626 

530 

NW 

13 

29-856 

29890 

29-900 

29-885 

610 

48-5 

WNW 

14 

30004 

29-950 

29-804  29-690 

6-1-2 

52-7 

SW 

14 

29763 

29-632 

29563 

29611 

596 

Aire, 

NE 

15 

29734 

29-818 

29827   29-893 

69-8 

573 

WSW 

15 

29-614 

29-648 

29749 

631 

519 

SW 

16 

29951 

29-985 

29-931   29-886 

72-4 

56-1 

SW 

16 

29-768 

29-775 

29-633 

29382 

60-8 

50-6 

sw 

17 

29  792 

29-765 

29800   29-914 

70-1 

52-3 

sw 

17 

29-397 

29-479 

29-553 

29595 

61  0 

519 

wsw 

18 

29-946 

299S5 

29-939   29916 

69-0 

500 

SSW 

18 

29566 

29  662 

29718 

29-740 

615 

wsw 

19 

29798 

29-658 

29479  29375 

721 

51-2 

NNB 

19 

29-684 

29-620 

29-490 

29347 

62-0 

SSW 

20 

29200 

2H-295 

29-502   29622 

64-8 

557 

WSW 

20 

29-164 

29130 

29167 

29270 

581 

510 

WNW 

21 

29561 

29-483 

29272   29234 

64-4 

547 

s 

21 

29-274 

29255 

29161 

29139 

61-5 

49*4 

wsw 

22 

29-488 

29-589   29775 

61-9 

51-2 

wsw 

22 

29-378 

29  513 

29-677 

611 

480 

WNW 

23 

29870 

29  946 

29-929   29920 

61-3 

498 

w 

29-65-4 

29-670 

29  650 

29-670 

591 

48-5 

w 

24 

29-854 

29-815 

29-784   29818 

63-1 

49-4 

w 

29659 

29719 

29715 

29-730 

593 

4-1-6 

WNW 

29829 

29866 

29-862   29-931 

C2-9   451 

NW 

25 

29-074 

29-733 

29768 

29-878 

60-6 

47-9 

w 

29-977 

30-030 

30-076  30150 

61-1   48-9 

NW 

26 

29921 

30003 

80-009 

571 

451 

w 

1  27 

30-182 

30-232 

30219   30238 

64-9 

453 

W 

2J 

30030 

30011 

29  946 

56-3 

53-3 

wsw 

2fi 

30-205 

30-203 

30-133   30-165  | 

67-6 

50-2 

SW 

2S 

29792 

29-827 

29841 

58-9 

52-3 

sw 

29 

30159 1  30-190 

30-135    301591 

73-8 

501 

sw 

29 

29-848 

29953 

29-967 

29995 

58-6 

54-2 

wsw 

30 

30126  '  80-125 

30-068   30-096| 

78-9 

461 

sw 

30    30003  ]  30-057i 

30077 

30-135 

620 

480 

WNW 

31 

30-092 

30-115 

30-071 

30-125 

75-1 

50-8 

N 

31 

30148 

80183 

30155 

30-182 

63-5 

430 

WNW 

BAROMETER.    THERMOMETER.    ETC..    READINGS. 
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SEPTEMBER,  1889. 


KEW. 

GLASGOW. 

Babometer. 

Tempeba- 

TT7KE. 

--  a 

0  _^ 

Barometer. 

. 

•-  a 
a  - 

a 

4a.m. 

10  a.m. 
30-157 

4  P.M. 

30-119 

10  p.m. 

Max 

Min. 
56-9 

;  "0 

2 '5 

6 

p 

4a.m. 

10  A.M. 

4  p.m. 

10  p.m. 



30139 

Max 

64-1 

p  s 

1 

30-144 

E 

i 

30178 

30-191 

30-115 

2 

30015 

29-960 

29956 

68-5 

577 

E 

2 

30-107 

30-080 

30-006 

30-017 

619 

52-4 

XE 

3 

29918 

29-983 

29-979 

30046 

70-3 

60-0 

W 

3 

29-980 

30018 

30-022 

30-077 

EXE 

4 

30-058 

30112 

30-129 

30-180 

672 

59-2 

N 

4 

30-101 

30-149 

30  191 

64-5 

NNB 

5 

30-183 

30221 

30-219 

30-254 

62-4 

58-7 

N 

5 

30-205 

30-230 

30-221 

30-257 

610 

BNB 

6 

30-245 

30265 

30-215 

30226 

54-0 

E 

6 

30-278 

30293 

30-259 

61-3 

EXE 

7 

30161 

30-138 

30-067 

30-088 

65-5 

518 

NE 

7 

30-212 

30-223 

30-126 

30-119 

60-4 

E 

8 

30-060 

30-080 

30-061 

30-106 

64-6 

459 

ENE 

8 

30-083 

30-057 

29-962 

654 

506 

ESE 

9 

30099 

30128 

30-120 

30-174 

70-7 

50-0 

WSW 

9 

29-868 

29-903 

29-952 

29-973 

63-5 

55-0 

SW 

10 

30175 

30-213 

30'165 

30-193 

74-7 

sw 

10 

29-988 

30-033 

30-007 

* 

68-0 

55*5 

ssw 

11 

30157 

30-156 

30-099 

30-118 

76-3 

511 

s 

11 

29950 

29-976 

29-955 

29979 

62-2 

57-1 

12 

30114 

30172 

30-169 

30-220 

75-8 

576 

K 

12 

30-059 

30159 

30161 

30151 

61-3 

54-6 

E 

13 

30216 

30184 

30-141 

30214 

76-2 

57-0 

w 

13 

30094 

30-132 

30-252 

62-0 

534 

WSW 

14 

30-252 

30327 

30-309 

30-338 

634 

52  9 

N 

14 

30-305 

30-357 

30-348 

30-382 

582 

51-5 

EXE 

15 

30338 

30-381 

30-358 

30-395 

59-2 

49-3 

N 

15 

30395 

33-443 

30-391 

30391 

55-9 

462 

16 

30392 

30-412 

30-356 

30-357 

60-1 

393 

S 

16 

30-354 

30-310 

30-218 

30152 

60-2 

41-9 

17 

30-278 

30233 

30-148 

30-167 

61-4 

347 

SE 

17 

30-047 

30-013 

30-017 

30047 

58-4 

49-6 

SSW 

18 

30-162 

30-184 

30-098 

30-094 

64-0 

379 

SE 

18 

30-012 

29-968 

29867 

29-725 

55  9 

50-3 

19 

29-956 

29870 

29-710 

29661 

60-8 

39-2 

feW 

19    29-558 

29-480 

29-460 

29414 

55-0 

41-9 

w 

20 

29615 

29-645 

29-606 

29  608 

57-0 

443 

W 

20    29-413 

29-449 

29-415 

29-510 

387 

wxw 

21 

29-595 

29666 

29-641 

29-628 

543 

40-8 

W 

21    29510 

29-498 

29-461 

29-467 

50-2 

w 

22 

29570 

29-627 

29-687 

29830 

569 

396 

N 

22    29-533 

29-598 

29-640 

51-6 

34-0 

NW 

23 

29869 

29-892 

39-800 

29-699 

55-7 

355 

SW 

23    29-738 

29-726 

29-634 

29642 

51  "5 

37-0 

w 

24 

29545 

29-507 

29513 

29-597 

59-1 

44-9 

ssw 

24    29064 

29-664 

29-586 

29642 

49  0 

WNW 

25 

29-649 

29-855 

29-953 

30-091 

54-3 

39-8 

Sff 

25    29-801 

29-886 

29-916 

29  984 

36-6 

NW 

26 

30128 

30163 

30-142 

30-153 

58-1 

361 

w 

26    29941 

29854 

29-799 

- 

56': 

SW 

27 

30-123 

30111 

29-985 

29928 

64-9 

535 

WSW 

27    29-820 

29-777 

29734 

29742 

•r57 

49-0 

WNW 

28 

29854 

29-821 

29761 

29  766 

58-6 

490 

wxw 

28    29-680 

29-709 

29-739 

- 

444 

45-5 

WXW 

29 

29775 

29-766 

29-786 

29-818 

52-2 

44-8 

NW 

29    29832 

29-878 

29-868 

29766 

533 

44-0 

NW 

30    29726 

29-638 

29632 

29759 

54-4 

46-0 

xw 

30    29-683 

29-774 

29-862 

29993 

54-3 

43-9 

NNB 

OCTOBEB,  1889. 


1 

29  807 

29-886 

29-893 

29-892 

1 

X 

1 

30021 

30077 

30-058 

30075 

54-3 

40-3 

XE 

2 

- 

29-887 

29-888 

29-919 

570 

47-4 

NNW 

2 

30-017 

29-960 

29846 

29  806 

3 

29-859 

29-772 

29663 

29  647 

55-2 

42-7 

S 

3 

29-716 

29689 

29-631 

. 

51-2 

424 

EXE 

4 

29  496 

29-524 

29539 

29-581 

512 

42-6 

s 

4 

29551 

29490 

29444 

29-437 

. 

W 

5 

29610 

29-637 

29-664 

29-768 

561 

399 

X 

5 

29-451 

29-505 

29-510 

29542 

513 

472 

SE 

6 

29-808 

29857 

29-811 

29726 

559 

44-6 

sw 

6 

29527 

29-543 

29-549 

5.5-2 

48-0 

WSW 

7 

29416 

29317 

29-404 

29-482 

47-2 

WSW 

7 

28-699 

28-858 

28959 

52-3 

45-0 

WXW 

8 

29531 

29533 

29-351 

29-173 

56-4 

43  8 

SW 

8 

29049 

29089 

28-982 

28-915 

BW 

9 

29  167 

29217 

29224 

29247 

5.5  .3 

437 

9 

28-830 

28930 

50-2 

39-3 

WSW 

10 

29-249 

29-305 

29-349 

29-428 

575 

35-8 

SW 

10 

28-993 

29106 

29300 

WSW 

11 

29-416 

29-435 

2&-461 

29528 

51-3 

SW 

11 

29-420 

29-452 

29488 

xw 

12 

29569 

29  617 

29  611 

29-670 

39-4 

SW 

12 

29-520 

29-631 

53-3 

SW 

13 

29-714 

29794 

29816 

29-880 

54-3 

320 

SW 

13 

29-791 

SSE 

14 

29-905 

29-940 

29-913 

29931 

54-8 

357 

w 

14 

- 

29-876 

29806 

SW 

15 

29-906 

29-901 

29-852 

29-832 

58-6 

357 

s 

15 

29-574 

29599 

4  44 

E 

16 

29-762 

29-722 

29-687 

29-689 

59-1 

50-5 

S 

16 

- 

29  644 

29-647 

- 

17 

29715 

29771 

29769 

29-774 

561 

44-4 

w 

17 

29-657 

29  633 

49-5 

18 

29-324 

566 

40-8 

SE 

18 

29519 

- 

29391 

- 

LSE 

19 

29-150 

29-092 

29-231 

29-258 

52-6 

458 

ssw 

19 

29-305 

ESE 

20 

29-130 

29  189 

29216 

29-269 

55-8 

450 

SE 

20 

29170 

29-317 

29  403 

51-3 

NB 

21 

29-257 

29-314 

29-316 

29355 

50-4 

41-3 

E 

21 

29432 

29503 

2 

519 

EXE 

22 

29-316 

29-402 

29449 

49-5 

41-9 

N 

22 

29-o44 

29-711 

29-755 

: 

XE 

23 

29501 

29625 

29722 

29-820 

50-9 

44-2 

XXW 

23 

29  810 

29-890 

29-945 

49  9 

44-0 

NB 

24 

29-895 

30004 

30-045 

30112 

50-6 

42-8 

X 

24 

30  044 

30-119 

30206 

XE 

25 

30141 

30-179 

30-150 

30-191 

517 

369 

NE 

25 

30-294 

30-289 

30338 

ex  a 

26 

30-158 

30-127 

30034 

29  953 

51-3 

43-9 

XE 

26 

30-330 

30273 

45-0 

EXE 

27 

29-737 

29636 

29-726 

29696 

: 

43-8 

XE 

27 

30-118 

44-6 

40-6 

XE 

28 

29710 

29-746 

29784 

29-854 

530 

44-9 

N 

28 

45-7 

35  "5 

W 

29 

29853 

29-885 

29-882 

29-909 

535 

43-9 

SE 

29 

29-719 

29-681 

29-616 

29-589 

49-8 

35-2 

SSW 

30 

-■    -   '- 

29909 

29-809 

29699 

55-9 

42-9 

SSW 

30 

29-491 

29-403 

29284 

29381 

535 

420 

s 

31    29-750 

29-951 

29-951 

29-959 

51-9 

421 

W 

31 

29-668 

29662 

410 

i  ;i 
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KEW. 

GLASGOW. 

Babometbb. 

Tempeua- 

TUKE. 

0  c 

0  a 

.2  2 

1  * 

Babometeb. 

I'empeha- 
TUBS. 

•sg 

a  ° 
g  a 

I 

a 

4a.m. 

10  A.M. 

4  p.m. 

10  V  H. 

Mux 

Miu. 

3)  *0 

01 

4  A.M 

10  a.m.  4  p.m. 

10  P.M. 

Mux 

Miu. 

I  "d 

1 

535 

41-1 

a* 
w 

l 

489 

40-9 

SI 

wsw 

88757 

29-616 

28-817   29-067 

2 

29-895 

29*910 

51*2 

w 

2 

29*416 

48-6 

397 

w 

3 

39-86] 

29727 

52*9 

s 

3 

29*574 

46-7 

410 

E>JE 

4 

89719 

29-81 1 

41-8 

w 

4 

117 

ENE 

5 

29-883 

29*919 

29-934 

40-8 

319 

WNW 

5 

29-647 

29-766 

29-889 

481 

380 

sw 

6 

90*166 

30*312 

50-4 

39-7 

BW 

6 

30041 

30-145 

30156 

51-5 

43-0 

WaW 

7 

30-422 

::  '  152 

30-471 

390 

BW 

7 

30- 150 

30-197 

539 

8 

30-459 

570 

42-6 

NW 

8 

30259 

52-1 

470 

BW 

9 

30*386 

54*1 

424 

NW 

9 

30*234 

53  5 

W 

10 

30-351 

30*857 

30*32f 

30-376 

54*4 

45-8 

NW 

10 

30-259 

30*319 

53  4 

48-9 

MV 

11 

30-383 

30-413 

535 

48-0 

N 

11 

30-334 

505 

450 

WSW 

12 

30*302 

48-1 

359 

SE 

12 

30-247  30-218 

30-258 

515 

477 

sw 

13 

30'3o4 

3  1-272 

33-297 

50-6 

E 

13 

30254 

30-241 

30- 171 

49-0 

37-0 

14 

30-3U0 

47-2 

39-3 

E 

14 

30-139 

30-157 

(0-139 

47-4 

37-9 

NNE 

15 

30-296 

30-840 

30-324 

571 

435 

S 

15 

30085   30070 

52*8 

4,5-8 

S.-iW 

113 

30421 

30-497 

30*534 

531 

470 

sw 

16 

30*446   30-513 

30*566 

43-0 

W8  * 

17 

30-589 

30618 

30*600 

30-61 1 

51-9 

489 

N 

17 

30531 

30-524 

30-532 

44-9 

32-0 

NNE 

18 

30*603 

30*633 

30*611 

51-0 

45-6 

E 

18 

30-499 

30*511    30-474 

30-478 

491 

44-8 

NE 

19 

30*610 

30*640 

30*599 

30-619 

467 

42-2 

SSE 

19 

30470 

30-465 

30-486 

51-4 

49  0 

SSW 

20 

30*602 

30-040 

30-597 

43-2 

390 

S 

20 

30-481 

30*444 

30-437 

500 

43-8 

sw 

21 

30*529 

30*509 

30-452 

30-422 

12-8 

368 

SE 

21 

30-346 

30307  1 30-220 

30136 

46*8 

436 

SSE 

22 

30-300 

30*376 

30*336 

51-4 

373 

ssw 

22 

29988 

29-956  1 29-982 

30-015 

52-5 

45-0 

NNH 

23 

30-238 

30-258 

30-233 

30*193 

53-2 

41-8 

SW 

23 

30-070 

30-162   30128 

30-035 

471 

389 

SW 

21 

30-. '50 

29*935 

29736 

29-518 

523 

45-0 

SSE 

24 

29-854 

29-671   29-381 

29166 

472 

398 

SSW 

25 

29272 

29-513 

29635 

29-727 

52-5 

35-6 

w 

25 

29-187 

29-303   29-403 

29-538 

455 

880 

W.N  W 

20 

29-724 

29*692 

29*61  9 

43-9 

32-0 

wsw 

26 

29-491 

29*446   29-476 

29*544 

33-9 

28-7 

NNE 

27 

29-0D0 

29*672 

29*791 

29-997 

35  7 

29-8 

NW 

27 

29-689 

30-016 

30155 

36-0 

287 

N  N  ■'.' 

28 

30-077 

30*167 

30-185 

37-0 

29-4 

NW 

28 

30-181 

30*189 

30-178 

30177 

39-0    291 

SW 

29 

30-221 

30-210 

30*122 

30- ('85 

39-9 

29-4 

W 

29 

30110 

30-061 

29-986 

29-962 

12-4   36-4 

S-.W 

30 

30-065 

30-122 

30-139 

80-234 

41-9 

293 

W 

30 

29-920 !  29-956 

29969 

30-051 

44-8,40-7 

SE 

DECEMBEE, 

1889. 

1 

30-295 

30391 

30-425 

30-474 

383 

2-3-0 

SE 

1 

30-091 

30-179 

30-206 

30239 

447 

41-6 

S 

2 

30-454 

30-493 

30-446 

30-466 

36-6 

25-8 

SE 

2 

30-229 

30259 

30251 

30-287 

431 

37-5 

SE 

3 

30-447 

30-456 

30-430 

30-434 

32-6 

259 

E 

3 

30-307 

30-365 

30-361 

30-405 

39-7 

31-8 

E3E 

4 

30-428 

30-468 

30-450 

30-490 

35-2 

24-6 

E 

4 

30-434 

30-485 

30-479 

30-525 

38-8 

30-7 

ENE 

5 

30-526 

30-569 

30594 

30-621 

371 

32-2 

NE 

5 

30-572 

30-610 

30-614 

30648 

39-7 

35-9 

sw 

6 

30-571 

30-574 

30-473 

30-379 

37-5 

33-9 

NE 

6 

30-567 

30-449 

30-242 

30039 

12*4 

373 

SW 

7 

30-214 

30-085 

30-056 

30-163 

35- 1 

32-2 

BSW 

7 

30*005 

30-116 

30-134 

30134 

43-6 

353 

W 

8 

30-227 

30-296 

30-237 

30172 

37-4 

31-9 

NW 

8 

30-042 

29-872 

29713 

49-0 

379 

SSW 

9 

29-968 

29-876 

29*729 

29-630 

491 

377 

SW 

9 

29-578 

29-  71 

29-347 

29-278 

50-9 

40-7 

w 

10 

29-520 

29-415 

29*267 

29-278 

48-3 

34-1 

sw 

10 

29*094 

28-985 

29106 

434 

35-3 

WSW 

11 

29-299 

29-439 

29-612 

29-806 

39-2 

30-2 

w 

11 

2H-2I2 

2H-455 

29599 

29709 

37-5 

317 

WNW 

12 

29-946 

30-048 

30-038 

29-988 

39-2 

251 

sw 

12 

29- 70S 

29663 

29-441 

414 

30-3 

NE 

13 

29-843 

29-799 

29-816 

29-945 

46-7 

29-8 

s 

13 

29-361 

29-528 

29720 

29-906 

42-8 

37-0 

W 

14 

30070 

30-198 

30-247 

30-344 

38-7 

28-8 

NNW 

14 

30-033 

30120 

30094 

30-057 

45-0 

361 

NE 

15 

30-385 

30*428 

30437 

30-436 

411 

33-0 

SW 

15 

30-l!72 

30272 

30-228 

30-142 

44-8 

40-0 

WoW 

16 

30-305 

30*427 

30*433 

30  461 

47-8 

39-0 

SW 

16 

30189 

477 

41-4 

W 

17 

30-438 

30*449 

30411 

30-402 

52-0 

470 

BW 

17 

29-992 

30000 

30-081 

30-062 

519 

45-6 

WSW 

18 

30*328 

30-254 

30*181 

30-248 

50-3 

45-2 

SSW 

IS 

29815 

29-055 

29-934 

30-074 

520 

38-1 

w 

19 

30-309 

30-321 

30-194 

30-014 

45-2 

33-2 

N 

19 

29-971 

29-S17 

29-647 

29-491 

449 

39-2 

BW 

20 

29-810 

29-656 

29735 

29-802 

46-1 

30-3 

SSW 

20 

2D- 104 

29-374 

29-370 

413 

34-0 

SW 

21 

29-811 

29-778 

29-725 

29-665 

48-0 

35-1 

SW 

21 

29-448 

29-502 

29-488 

41-0 

341 

wsw 

22 

29-538 

29-544 

29*540 

29-623 

51-9 

46-0 

WSW 

22 

29-358 

29-327 

29-378 

29524 

3S1 

340 

NE 

23 

29-818 

29-992 

30*012 

29985 

48-9 

42  0 

sw 

23 

29*684 

29761 

29-724 

29-582 

46-7 

36-8 

.^SW 

24 

29-813 

29-668 

29911 

30169 

51-8 

39-1 

W 

24 

29-387 

29-493 

29716 

29983 

480 

36-0 

WNW 

25 

30*344 

30-477 

30-494 

30-527 

449 

300 

w 

25 

30-243 

30213 

30-234 

46-6 

35-8 

SW 

26 

30-547 

30584 

30*553 

30  546 

41-7 

31-9 

w 

26 

30-259 

30-325 

30-347 

30407 

47-0 

458 

sw 

27 

30-512 

30-490 

30*390 

30-305 

41  -1 

331 

ENE 

27 

30-399 

30415 

30395 

30369 

46-0 

37-2 

S 

28 

30-228 

30-251 

30-250 

30-274 

344 

26*3 

ENE 

28 

30-292 

30249 

30-145 

30-106 

36-9 

28-8 

SE 

29 

30254 

30-294 

30-293 

30-334 

30-3    227 

ENE 

29 

30-180 

30-224 

30-277 

372 

320 

NW 

30 

30-334 

30391 

30*382 

30-392 

34-0  1  29-9 

ENE 

30 

30-256 

30246 

30138 

30045 

445 

36-6 

SSW 

31 

30355 

30339 

30281 

30305 

33-4   25-5 

ENE 

31 

29-946 

29890 

29-815 

29986 

47-1 

38-4 

SSW 

u.  2.  * 
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NOTES  OF  FOREIGN  PAPERS.  135 


III.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINES,  METALLURGY, 
ETC.,  FROM  THE  TRANSACTIONS  OF  FOREIGN  SOCIETIES  AND 
FOREIGN   PUBLICATIONS. 


A  HAND  DIAMOND  ROCK-BORING  MACHINE. 

Sehwedische  DiamantiohrmascMne  filr  Handbetrieb  des  "  Svenska  Dictinantberg- 
borrmngs-Aktiebolag "  in   Stockholm.     By  E.  Gad.      Berg-  und  Huetten- 

mcennlsclie  Zeitung,  Vol.  xlviii.,pp.  451-454.     One  figure. 

Mr.  A.  Craelius  has  recently  invented  a  hand  boring  machine  formed  on  the 
model  of  the  American  power  drills,  except  as  regards  the  advance  motion,  and  its 
weight  reduced  to  about  14  cwt.,  including  164  feet  of  bore-rods,  force-pump  and 
accessories.  The  boring  crown  is  T3S  inches  outside  and  "94  inch  inside  diameter, 
giving  a  core  of  from  "865  to  -905  inch.  Eight  diamonds  of  '75  to  -8  carats  are 
fitted  into  it  in  the  usual  manner.  The  core-tube,  screwed  on  to  the  diamond 
crown,  is  3  feet  3  inches  long.  The  bore-rods  are  made  of  4  feet  11  inches  lengths 
of  iron  pipes  of  1*30  inches  outer  and  -98  inch  inner  diameter.  A  force-pump 
supplies  water  to  the  boring  crown  through  an  india-rubber  tube  at  the  rate  of 
1*10  gallons  per  minute.  The  boring  spindle,  into  which  the  bore-rod  fitted,  is 
rotated  with  wheel  gearing  by  handles,  the  iron  stand  resembling  that  of  a  hand- 
winch  in  size  and  appearance.  By  hand  the  new  machine  can  be  driven  at  about 
60  or  70  revolutions  per  minute  against  the  200  to  400  obtainable  by  power.  The 
advance  motion  is  obtained  by  a  weighted  lever,  and  the  power  is  doubled  by  a 
pulley,  a  rope  being  led  from  the  end  of  the  lever  over  a  pulley  on  the  bore-rod  to 
an  eye  on  the  iron  frame.  For  shallow  depths  three  workmen  are  required,  and  for 
deeper  holes  five  workmen,  in  addition  to  a  skilled  foreman.  The  greatest  speed 
attained  with  the  new  machine  is  34  feet  in  24  hours.  The  work  becomes  difficult 
and  costly  as  the  depth  increases.  With  workmen's  wages  at  Is.  6d.  per  shift,  the 
cost  varies  from  40s.  to  50s.  per  fathom.  The  system  is  considered  suitable  for 
borings  up  to  about  38  fathoms  in  any  desired  direction  either  in  the  mine  or  from 
the  surface.  A.  R.  L. 


THE  CONDITIONS  OF  FORMATION  OF  LIGNITE. 

Alte  Fundc  mfder  Saalburg  und  die  Lignithihlung \     Yon  F.  Seeland.    Oesterr- 
Zeitschr.f.  Berg-  v.  Sutteimesen,  1891,'  Vol.  xxxix.,p.  247. 

The  author  has  examined  oak  timber  found  in  the  remains  of  the  Roman  castel- 
Ivvi  of  Saalburg,  built  on  the  Eastern  Taunus  in  17  B.C.,  destroyed  in  282  A.D.  This 
timber  was  used  as  lining  for  wells  or  cisterns  (?  for  the  baths)  which  were  sunk 
about  30  feet  below  ground,  and  was  thus  long  subjected  to  moderate  pressure  at 
the  ordinary  earth  temperature.  It  is  now  mostly  converted  into  a  sort  of  lignite 
comparable  with  that  of  Koflach.  O.  S.  E. 


THE  ORIGIN  OF  COAL. 

Des  diverse*  theories  cmises  sv  r  le  mode  de  formation  de  la  houille  et  d'une  conclu- 
sion que  Von  pent  en  tirer.  By  A.  Cocheteux.  Annates  de  la  Sue.  G'eol. 
de  Belgique,  1885-86,  Vol.  xiii.,  Bulletin, pp.  clxise-clxxiii. 

After  a  brief  recapitulation  of  the  various  theories  extant  on  the  formation  of 
coal,  the  author  enumerates  his  own  conclusions  with  regard  to  the  Belgian  coal- 
field, as  follows  : — 

1. — The  Carboniferous  Limestone  is  a  deep  sea  formation. 
2. — The  soil  of  Belgium   was  slowly   rising  during  the  deposition  of  the 
Lower  Coal-measures,  and  of  equivalent  strata  without  coal. 


136  1E.S  OF   PAPERS   IN    POBBIOH 

3.— During  the  deposition  of  the  Belgian  coal-Bfiams,  the  land  slowly 
subsided  again.  The  dunes  heaped  up  i>y  the  wind  had  formed  a 
salt-lake,  in  which  the  ediment,  brought  down  by  the  streams  from 
the  Aidenne  and  Bral  was  deposited;  the  continual  ft( 

Eresh  wat(  I  the  lake,  and  made  the  growth  of  vegetation 

ble;    then  the  sea  broke*  in  again, and  the  preceding boj 
evenl  -  v  ited  many  i  inics  over. 

4. — A  second  time  '  he  land  ruse  during  the  Upper  Coal-measure  and  Permian 
age. 
ii  hor  maintains  thai  the  above  statements  have  been  confirmed  by  his  own 
observations   in   the  collieries;    and   he  intends  to  embody  his  theory  in  a  more 
detailed  work.  0.  S.  E. 


THE  COAL   DEPOSITS   IN  THE    INDWE    BASIN    AND   STOKMBERG 
RANGE  OF  MOUNTAINS  [CAPE  OF  GOOD  HOPE]. 

Report  hy  W.  Galloway,  and  presented  to  the  Legislature  of  the  Colon]/.    52  pages 

and  5  Plate*. 

This  report  on  the  Indwe  coal-mines  gives  details  as  to  the  area  of  the  deposit, 
(inalit  v  of  the  coal,  best  means  of  working,  and  estimated  value  to  the  colony. 

II.  W.  B. 


THE  ADAMS  BEE-HIVE  OVEN. 

Coke-htming  Simplified.     By  Frank  M.  McKelvey    The  Colliery  Engineer, 
(Seranton,  U.S.A.),  1890,  Vol.  .v.,  p.  130-131,  and  three  figures. 

The  ordinary  bee-hive  oven  is  fitted  with  a  portable  oven  bottom,  worked  by  an 
hydraulic  ram,  and  removable  with  its  contents  from  the  oven  upon  a  four-wheeled 
carriage. 

The  movable  bottom  of  the  oven  is  built  up  of  wrought-iron,  of  circular  shape. 
The  oven  is  built  of  the  same  diameter  as  an  ordinary  oven,  but  of  greater  height, 
to  the  extent  of  3  feet,  and  is  fitted  with  a  door  whose  width  is  equal  to  the  diameter 
of  the  oven. 

The  hydraulic  ram  is  placed  in  the  centre  of  the  oven,  and  has  a  stroke  of  3  feet. 

The  oven  bottom  is  placed  upon  a  small  carriage,  and  pushed  along  a  track  until 
it  is  in  the  oven  and  directly  over  the  hydraulic  ram.  The  ram  is  then  raised  until 
the  oven  bottom  presses  against  a  shoulder  built  around  the  oven.  When  the  bottom 
is  in  position,  supports  are  dropped  to  keep  it  secure.  The  ram  is  withdrawn,  the 
carriage  removed  from  the  oven,  and  the  doors  closed. 

The  oven  is  then  charged  and  burnt  off  in  the  ordinary  way. 

In  withdrawing  the  coke,  the  doors  are  opened,  the  carriage  run  under  the  oven 
bottom,  the  ram  raised  until  the  supports  are  withdrawn,  and  the  oven  bottom  and 
coke  is  then  lowered  on  to  the  carriage,  which  is  run  out  of  the  oven.  The  coke  is 
watered,  and  a  chain  placed  round  in  it,  and  the  mass  dragged  off  the  oven  bottom. 

M.  W.  B. 


THE  ADAMS  IMPROVED  BEE-HIVE  COKE-OVEN. 

By  John  Fulton.     The  Colliery  Engineer,  1890,   Vol.  xi.,  pp.  8  and  9,  and 

three  figures. 

An  Adams  oven  has  been  erected  by  the  Cambria  Iron  Company,  near  Dunbar, 
and  its  produce  is  of  good  quality.  A  charge  of  6^  tons  of  coal  produced  4  tons  of 
coke,  and  the  Adams  oven  was  drawn  3^  times  per  week  ;  it  was  drawn  easily  in 
•15  hour  at  a  net  cost  of  3-12d.  per  ton ;  while  the  ordinary  oven,  with  the  same 
load  of  coal  and  produce  of  coke  is  drawn  3  times  per  week,  was  drawn  in  3  hours 
at  a  cost  of  10-44d.  per  ton. 
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The  cost  of  a  battery  of  100  ovens  of  the  ordinary  bee-hive  oven,  producing 
60,000  tons  of  coke  per  annum,  may  be  calculated  as  under  : — 
100  ovens each  £50   ...     £5,000 

Annual  charges — 

Interest  at  10  per  cent.          £500  =  2'00d.  per  ton. 

Repairs  and  renewals,  each  £2          ...  200  =         '80d.        „ 

Loading  ovens 240  =         -96d.        „ 

Levelling          480  =  P92d.        „ 

Drawing,  60,000  tons 2,610  =  10-44d.        „ 


Total         £4,030     =       16-12d. 


The  same  quantity  of  coke  would  be  produced  by  85  Adams  ovens,  the  cost  of 
wnich  would  be  : — 

85  ovens     each  £100  ...  £8,500 

Annual  charges — 
Interest  at  10  per  cent. 
Repairs  and  renewals,  each  £3 
Loading  ovens  ... 
Levelling 
Drawing,  60,000  tons 


£850 

= 

3-40d.  per  ton, 

255 

= 

l-02d.   „ 

255 

= 

l-02d. 

510 

= 

2-04d. 

780 

= 

3-12d. 

Total         £2,650     =       1060d. 


M.  W.  B. 


COPPER  MINING  IN  SPAIN  (HUELVA). 

IS  Industrie  du  Cuivre  dans  la  Region  d'Huelva  (Rio-Tinto,  San  Doming as,  etc.~). 
By  L.  DE  Launay.  Annates  des  Mines,  1889,  Sir.  8,  Vol.  xvi.,pp.  427-516, 
and  Plates  X.,  XL,  XII. 

The  copper  industry  has  existed  many  years  at  Huelva,  on  the  south  frontiers  of 
Spain  and  Portugal,  and  the  names  of  Rio-Tinto,  Tharsis,  etc.,  are  become  world- 
renowned.  These  mines  are  very  interesting  owing  to  their  antiquity,  the  nature 
of  their  outcrops,  the  mode  of  working  by  quarry  systems,  the  ingenious  methods 
employed  in  the  economical  extraction  of  the  copper  from  so  poor  a  mineral,  etc. 
and  these  details  are  all  exhaustively  described  in  this  memoir.  M.  W.  B. 


A  CYLINDRICAL  DAM. 

Note  snr  la  Plate-cuve  du  Puits  No.  1  des  Mines  de  Sel  et  Salines  de  Saint-Nieholas- 

Varanqeville.     Bulletin  de  la  Soeicti  de  Vlndustrie  Minerale,  Third  Series, 
Vol.  /.;  1887, pp.  1268-70.     Plate  27,  Figs.  4-9. 

Owing  to  subsidences  of  the  old  workings  in  the  vicinity  of  the  No.  1  pit,  in  the 
eleventh  bed  of  rock  salt,  at  a  depth  of  525  feet,  an  influx  of  brine  was  found  in 
the  roof  of  the  old  workings  at  a  depth  of  275  feet  in  the  fourth  bed. 

These  feeders,  small  at  first,  quickly  increased  and  threatened  to  flood  not  only 
the  old  workings  but  also  the  new  workings,  recently  commenced  around  No.  2  pit, 
sunk  about  1,050  feet  to  the  east  of  No.  1  pit,  the  two  pits  being  connected  by  a 
level  in  the  eleventh  bed. 

The  company  therefore  decided  to  fix  in  the  No.  1  pit,  between  the  level  of  the 
workings  of  the  eleventh  bed  and  that  of  the  workings  in  the  fourth  bed,  a  dam 
to  keep  back  the  water  of  the  old  pits,  as  well  as  the  feeders  leaking  from  the 
tubbing  above  the  fourth  seam. 

The  figures  show  the  position  and  details  of  the  dam,  which  consists  of  35  seg- 
ments of  metal  weighing  about  59  tons. 

The  shaft  was  filled  below  the  level  of  the  thill  of  the  sixth  bed  of  salt  at  a  depth 
of  370  feet.  A  timber  scaffold  was  laid  at  this  point,  covered  by  about  11  feet  of 
concrete,  and  the  centres  for  the  dam  were  placed  above  the  concrete. 

The  dam  is  in  the  form  of  a  cylindrical  arch,  with  a  radius  of  about  12  feet,  the 
chord  or  width  being  14|  feet,  and  the  length  17£-  feet.  It  consists  of  seven  sections, 
each  containing  five  hollow  cast-iron  blocks,  or  voussoirs,  the  faces  of  whose  joints 
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are  planed,  and  before  being  bolted  togethei  are  brushed  over  with  a  thin  coating 

of  mastic  and  linseed  oil.    The  four  surfaces,  between  the  four  abutments  of  the 

arch,  in  the  sixth  bed  of  sail  were  covered  with  Bheets  of  india-rubber.    The  centres 

removed  before  the  central  key  block  was  placed  in  position  and  wedged  with 

cm|. pel'. 

The  dam  was  covered  with  a  bed  of  quick  setting  cemenl  about  :H  feel  thick.  The 
concrete  was  applied  in  thin  beds  of  I  to  2  yards  area,  about  .'!  inches  thick  in  the 
middle  and  thinned  towards  the  edges.  Very  little  water  was  used  with  the  cement 
applied  to  the  Bides  of  the  pit  in  the  rock  salt,  with  which  it  united  very  fairly. 
The  concrete  was  formed  of  one  part  of  washed  river  sand  and  one  purl  of  Vaaay 

it,  of  which  17  tons  were  used. 

The  concrete  is  covered  with  about  33  feet  of  good  clay,  carefully  pugged  with 
saturated  brine. 

The  Bides  of  the  pit  were  carefully  dressed  by  the  pick  in  order  to  remove  any 
rock  loos<  ued  by  contact  with  air  or  water. 

The  work  cost  aboul   C2,200.  .M.  W.  B. 


PERMEABILITY  OF  CEMENTS. 

Results  of  Experiments  made  to  determine  the  Permeability  of  Cement*  ami  Cement 
Mortars.  By  G.  W.  Hyde  ami  W.  ■).  Smith,  condensed  by  L.  M.  Haupt. 
Journal  of  the  Franklin  Institute,  18S9,    Vol.  128,  pp.  199-207.      One  figure. 

The  specimens,  3  inches  thick,  were  tested  by  means  of  four  pipes,  3  inches  in 
diameter,  joined  to  a  3-inches  pipe,  through  which  the  pressure  was  communicated 
from  a  hand-pump,  and  maintained  throughout  the  series  at  75,  100,  and  200  pounds 
per  square  inch  respectively  for  three  hours. 

The  experiments  embraced  six  series,  and  the  discharge  of  water  through  the 
samples  was  as  follows  : — 


Samples. 

No. 
of 

Sam- 
ples. 

Pressure  per  Square  iDch. 

75  lbs.                    100  lbs.                    200  lbs. 

Water  passed  per  Square  Inch  per  21  Hours. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Quarts. 

Quarts. 

Quarts. 

Quarts. 

Quarts. 

Quarts. 

Neat  cement,  after  setting  7  days  ... 

5 

•091 

— 

•092 

•006 

•267 

■040 

Do.                 do.          28    do.  ... 

1 

— 

•034 

— 

•052 

— 

•158 

Cement  mortar,  1  to  1,  after  setting 

7  days        

3 

12-397 

1-503 

17-096 

2-336 

36-207 

6-323 

Cement  mortar,  1  to  2.  after  setting 

7  davs        

5 

12-546 

2-107 

52-554 

3-310 

101-268 

10-508 

Cement  mortar,  1  to  1.  after  setting 

28  days      

3 

1-704 

•328 

2-482 

•551 

4-471 

1-413 

Cement  mortar,  1  to  2.  after  setting 

28  days 

5 

31-006 

1-941 

13-815 

3-012 

31-482 

6;616 

M.  W.B. 


GRISOUTITE. 

Experiences  faites  sur  In  Grisowtite,  lea  25  April  et  23  Mai,  1889,  an  Charbonnage 
ihs  Prod/aits,  a  Flenu.  By  E.  Laemoyeux.  Berne  Unvoerselle  ties  Mine*, 
1889,  Vol.  riii.,2Jp.  239-255,  and  Plate  11. 

The  experiments  were  made  in  an  old  boiler  about  48  feet  long  and  59  inches 
diameter,  and  -39  inch  thick.  It  was  closed  at  one  end  with  masonry  containing  the 
cannon,  27^  inches  long  and  15|  inches  diameter,  the  shot-hole  being  2$  inches 
diameter  and  19f  inches  long.  The  boiler  was  fitted  with  14  windows,  6  of  which 
were  closed  with  glass  f  inch  thick.  There  were  3  valves,  near  the  closed  end  of 
the  boiler. 
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A  meter  was  used  to  measure  the  gas.  7-71  grains  detonators  (triple)  and 
15-43  grains  detonators  (quintuple)  were  used  on  the  first  and  second  days'  trials 
respectively. 

A  coil,  heated  by  steam,  was  placed  in  the  closed  end  of  the  boiler. 

Coal-dust  was  spread  upon  a  plank  placed  6  inches  below  the  orifice  of  the  shot- 
holes,  so  that  the  gases  of  the  explosive  should  be  thrown  upon  the  dust. 

In  11  experiments  the  end  of  the  boiler  was  open,  but  in  the  remainder  an  iron 

ring  | |  was  riveted  to  a  wing  in  the  boiler,  to  which  a  sheet  of  waxed  paper 

could  be  attached  by  means  of  an  india-rubber  band,  during  each  experiment.  By 
this  means  a  closed  space  of  about  280  cubic  feet  was  formed,  fitted  with  6  windows 
closed  with  thick  glass.  The  gas  was  introduced  by  an  iron  pipe  into  the  bottom  of 
the  boiler,  near  the  cannon,  and  was  mixed  with  the  air  by  means  of  an  iron  plate, 
swung  to  and  fro,  by  an  external  lever.  The  valves  rested  upon  india-rubber  seats. 
All  joints  were  carefully  luted  with  thin  clay.  The  glass  windows  were  replaced 
by  waxed  paper  on  the  second  day. 

It  is  with  great  difficulty  that  the  gas  was  introduced  without  escape,  and  that  a 
mixture  of  exact  composition  was  obtained. 

The  explosions  increased  in  violence  as  the  proportion  of  coal-gas  was  increased, 
and  for  the  same  proportion,  as  the  temperature  increased.  Explosions  of  gas  are 
produced  with  10  per  cent,  mixtures. 

A  short  interval  separated  the  appearance  of  flame  at  the  end  of  the  tube  and 
that  of  the  fumes  and  dust. 

The  results  of  the  experiments  may  be  tabulated  as  under  : — 


Name  of  E&plosive. 

Percentages  of  Coal-gas. 

Stemmed  with  Coal-dust. 

Stemmed  with  Clay. 

Compressed  powder    . . . 
Gelatine-dynamite 
Blasting  gelatine 
Forcite  ... 
Grisoutite 

0 

6 

10 

12 

0 

6 

10 

15 

I2 
I" 

Is 

N4* 

I 

N 

I 
I 

N2 

N2 

N 

I 

I2 
I 

N3 

N 

It 

Nf 

I  signifies  ignition,  and  N  non-ignition  of  the  explosive  mixtures,  the  small 
figures  2, 3, 4  indicating  the  number  of  experiments.  *  Crusts  of  coke  found  in  the 
boiler.  Coal-dust  was  placed  in  the  boiler,  in  all  the  experiments  except  the  two 
marked  f . 

It  will  be  seen  that  all  the  explosives  stemmed  with  coal-dust,  gas  being  absent, 
produced  flame  except  grisoutite.  Forcite,  stemmed  with  clay,  gas  being  absent,  did 
not  produce  flame. 

In  experiments  with  explosives  care  should  be  taken  to  distinguish  the  flame  of 
the  explosive,  of  the  coal-gas,  and  of  the  coal-dust,  which  occur  in  rapid  succession. 

In  all  the  experiments  the  mechanical  effects  produced  by  the  explosive  with 
coal-dust  were  very  little  more  than  when  stemmed  with  clay,  and  much  less  than 
produced  by  the  explosive  with  coal-gas. 

It  is  not  surprising  that  coal,  a  combustible,  should  ignite  in  prolonged  contact 
with  the  very  hot  gases  produced  by  the  detonation  of  an  explosive  and  make  a 
slight  addition  to  the  mechanical  effects  owing  to  the  heat  developed  during  its 
combustion. 

The  non-explosibility  of  coal-dust  seems  demonstrated  by  the  appearance  of 
flames  exempt  from  sparks  at  the  end  of  the  tube  followed  by  black  clouds  of  smoke 
and  dust ;  without  dust  they  were  accompanied  by  flame.  M.  W.  B. 


THE  CHALON-GUERIN  GELATINIZED  WATER-STEMMING. 

Grisoutite  et  VEa/u  gelatinisee.     Bij  Messks.  V.  Watteyne  and  E.  Larmoyeux. 

Revue  Universelle  des  Minis,  1889,   Vol.  viii.,pp.  2oii-269. 

Messrs.  Chalon  and  Guerin  use  water  in  a  gelatinous  form,  in  small  cylinders. 
These  cylinders  contain  98  per  cent,  of  water  and  2  per  cent,  of  gelatinous  matter 
procured  from  seaweed. 
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Ii  is  placed  al  the  end  of  a  shot-hole  Bomewhal  larger  in  diameter  than  the 
carl  ridges,  which  are  poshed  in  with  the  beater,  bo  as  to  penetrate  into  and  be  but- 
rounded  by  the  golai  inous  matter.  One  or  more  pieces  of  the  gelatinized  Btemming 
is  i  hen  pushed  in,  and  the  operation  completed  with  clay  stemming. 

Trials  have  been  made  with  this  stemming  in  the  mine  and  in  the  dark,  and  it 
may  be  presumed  thai  the  absence  of  the  slightest  glimmer  would  allow  ol'  the  state- 
ment being  made  that  no  explosion  would  occur  in  the  presence  of  an  explosive 
inixl  tire. 

The  following  table  contains  the  results  of  various  trials : — 


Explosive  used. 

Length 

a 

Clay 
Stumming. 

Length  of  Glimmer  or  Flame  observed. 

Name. 

Weight. 

Weight  in  Ounces  of  Gelatinized  Stemming. 

Nil. 

8-4 

11-3 

14T 

16-9 

19-0 

21-1 

29-6 

Grisoutite... 

Ounces. 
6-6 
10-1 
12-7 
13-1 
16-4 
19-7 
19-8 

Inches. 
12  to  20 
12  to  20 

8 
12  to  20 

8 
16  to  20 

8 

Ins. 
20 
40 

40 
26 
24 

2G 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 
? 

Ins. 
6 

Ins. 

Nil. 

Forcite      

6-3 
9-5 

8 
8 

— 

— 

— 

26 

— 

26 

— 

— 

Blasting-gelatine 

5-3 
60 
8-2 
9-0 
10-6 

3 
12  to  20 

30 

8 
16  to  20 

120 

120 
40 

40 

40 

26 

26 

7 

— 

It  is  evident  that  impressions  are  subject  to  errors,  which  may  be  reduced  by  the 
number  of  witnesses. 

The  table  shows  that  actual  safety  is  not  secured  under  any  of  the  conditions 
given  ;  with  one  exception,  glimmers  of  light  were  seen  in  all  the  experiments. 

Grisoutite  has  about  one-third  of  the  power  of  blasting-gelatine  or  forcite. 

It  will  be  seen  that  grisoutite  alone  is  similar  to  forcite  or  blasting-gelatine, 
with  the  gelatinized  stemming  in  point  of  safety. 

Although  the  Chalon-Guerin  stemming  is  not  difficult  to  use,  it  is  more  difficult 
than  grisoutite. 

The  cost  of  a  charge  of  grisoutite  is  a  little  more  than  a  charge  of  blasting- 
gelatine  or  other  explosive,  with  the  addition  of  the  safety  stemming. 

The  gelatinous  matter  costs  5s.  6d.  per  pound,  and  boiled  with  fifty  times  its 
weight  of  water  cools  into  a  gelatinous  mass,  which  is  easily  cast  into  little  cylinders 
of  suitable  dimensions. 

A  charge  of  IO5  ounces  of  blasting-gelatine  requires  18  ounces  of  Chalon-Guerin 
stemming,  hence — 

rdasting-gelatine         ...         10^  ounces  at  Is.  3d.  per  pound  =  9'84d. 
Stemming         18         „       at  Ud.  „  =  l-68d. 


Total 


ll-52d. 


20  ounces  of  grisoutite  would  be  required,  costing,  at  Is.  per  pound,  Is.  4d.,  or  a 
difference  of  4^d.  in  favour  of  the  Chalon-Guerin  stemming. 

The  writers  suggest  that  instantaneous  dry  plates  should  be  used.  The  camera 
being  turned  towards  the  orifice  of  the  shot-hole,  the  cover  would  be  removed  as 
scon  as  all  lights  had  been  removed.  The  shot  would  be  fired,  and  the  glimmer 
would  be  faithfully  recorded  on  the  plates.  The  records  would  be  fixed  and  could 
be  reproduced  to  any  extent,  and  the  copies  could  be  compared  and  discussed 
at  leisure. 

M.  W.  B. 
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DYNAMITE  AND  GRISOUTITE. 

Note  mr  de  Nouvelles  Experiences  faites  mr  la    Grisoutite.      Bi/  E.  Braive. 

Revue  UnirerseUe  des  Mines,  etc.,  1889,  Vol.  v.,  pp.  67-86. 

The  following  experiments  have  been  made  at  Schlebeisch,  with  grisoutite,  with 
the  apparatus  as  described  in  Vol.  xxxviii.,  Abstracts,  p.  26,  of  the  Transactions 
of  the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers  : — 

1,  2.  3. — Experiments  were  made  in  the  absence  of  gas  and  dust.  Dynamite 
(2-C5  ounces),  gelatine  dynamite  (2-65  ounces),  and  grisoutite  (7*95  ounces)  were 
fired.  In  the  first  and  second  explosions  flames  were  distinctly  seen.  No  flame 
was  seen  with  grisoutite,  only  a  white  cloud  and  water  vapour. 

4. — Dynamite:  two  cartridges  (.V30  ounces) ;  dry  and  finely  screened  coal-dust 
from  Agrappe  (4-41  pounds),  no  gas.     Result,  flames  without  explosion. 

5. — Dynamite:  2-65  ounces  enclosed  in  4-41  pounds  of  coal-dust  from  Agrappe; 
8  per  cent,  of  gas  ;  temperature,  73  degs.  Fahr.  Result,  explosion  of  gas  rather  than 
coal-dust. 

6. — Dynamite:  5-30  ounces  with  4-41  pounds  of  dust  from  a  New-Iserlohn ; 
8  per  cent,  of  gas;  temperature.  86  degs.  Fahr.  Result,  much  more  violent  explosion; 
flames  13  feet  high. 

7. —  Grisoutite:  8-82  ounces  with  about  4*41  pounds  of  the  same  dust  as  used  in 
No.  6  ;  8  per  cent,  of  gas  ;  temperature,  86  degs.  Fahr.  Result,  neither  flame  nor 
explosion. 

8. — Dynamite:  5-30  ounces;  4"41  pounds  of  dust  from  Boule ;  12  per  cent,  of 
gas  ;  temperature,  86  (legs.  Fahr.  Result,  very  violent  explosion,  flames  many  feet 
high  and  burning  for  some  seconds  at  the  orifice  of  the  cylinder;  many  buttons  and 
cru-ts  of  coke  in  the  interior  of  the  apparatus. 

9. — Grisoutite:  8-82  ounces;  12  per  cent,  of  gas;  temperature,  84  degs.  Fahr ; 
coal-dust  from  Boule.     Result,  neither  flame  nor  explosion. 

10. — Dynamite:  8-82  ounces;  4  per  cent,  of  gas;  Boule  dust;  temperature,  86 
clegs.  Fahr.     Result,  long  flames,  heavy  explosion. 

11. —  Grisoutite:  8-82  ounces;  16  per  cent,  of  gas;  Boule  dust;  temperature, 
86  'legs.  Fahr.     Result,  no  explosion  and  no  flame. 

12. — Dynamite:  5*30  ounces;  12  per  cent,  of  gas;  Agrappe  dust;  temperature, 
84  degs.  Fahr.  Result,  very  sharp  explosion,  very  high  flames,  the  sheet-iron 
cylinder  destroyed. 

13. — Grisoutite:  8'82  ounces  ;  12  per  cent,  of  gas  ;  Agrappe  dust;  temperature, 
93  degs.  Fahr.     Result,  explosion. 

14. —  Grisoutite:  8"82  ounces  :  12  per  cent,  of  gas ;  Agrappe  dust ;  temperature, 
86  degs.  Fahr.     Result,  neither  flame  nor  explosion. 

15. — Grisoutite:  same  conditions  as  the  preceding,  with  similar  result. 

16. —  Grisoutite :  the  same. 

17. — Grisoutite:  same  conditions,  except  temperature,  95  degs.  Fahr.  Result, 
explosion. 

18. — Grisoutite:  8*82  ounces;  4-41  pounds  of  Agrappe  dust;  temperature,  95 
degs.  Fahr.  A  stemming  of  about  4-8  inches  of  crystallized  salt  was  placed  above 
the  cartridge  in  the  hole,  and  the  dust  was  spread  in  the  ordinary  manner.  Result, 
neither  flame  nor  explosion. 

19. —  Grisoutite:  same  conditions  as  above,  with  same  result. 

20. — Grisoutite :  modified  with  extra  salt;  7-05  ounces  ;  Agrappe  dust  ;  12  per 
cent,  of  gas  ;  temperature,  95  degs.  Fahr.    Result,  neither  flame  nor  explosion. 

21.  —  Grisoutite:  with  extra  salt ;  same  conditions  as  above,  with  same  result. 

22. —  Grisoutite:  the  same. 

Grisoutite  has  been  tried  in  the  mine  for  blasting  coal  and  stone.  It  is  very 
suitable  for  coal,  as  it  docs  not  break  it  small,  and  is  similar,  if  not  superior,  to 
powder  in  its  effects.  In  ordinary  stone,  grisoutite  has  sufficient  effect  in  a  hole 
•90  inch  diameter.     Its  power  is  said  to  be  double  that  of  compressed  powder. 

M.  W.  B. 


NOTES  ON  PETRAGITE. 

Mitteilvnqen  Uher  den  nenen  Sprenystoff  "Petragit?    By  Dr.  Muck.     Gluchanf, 
1889,  Vol.  xxv.,  pp.  433-435. 

The  new  explosive,  petragite,  is  pre  pa  re  1  as  follows  : — A  quantity  of  specially 
prepared  molasses  is  nitrified  by  the  admixture  of  sulphuric  and  nitric  acids  in  the 
same  proportions  as  are  used  in  the  preparation  of  nitro-glycerine.     The  nitrated 
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molasses  are  then  washed,  first   in  cold  and  then  in  warm  water  (with  a  little 
ammonia)  to  remove  any  free  acid.     The  water  is  easily  poured  off  and  a  quantity 

ood-dusl  or  powdered  w I  added,  containing  52  p  of  nitre.     This 

mix i  inc.  when  thoroughly  dried,  is  petragite,  containing  equal  quantities  of  nitrated 

oil  of  11 K. lasses  and  wood-dust. 

The  following  advanta  timed  for  petragite  as  compared  with  dynamite: — 

(1")  it  does  not  freeze;  (2)  its  production  is  ah  lie;  (3)  it  is  cheaper  and 

equally  effective;  and  (-1)  it  is  unaffected  by  concussions  or  by  contact  between  metals. 

Compared  with  rohuriteand  other  explosives  free  from  nitro-glycerine  (1)  it  is 
much  cheaper  ;  (2)  it  keeps  better,  being  free  from  hygroscopic  substances;  and  ('.',) 
it  is  more  homogeneous,  containing  only  one  kind  of  solid  matter. 

It  is  found  in  practice  to  act  with  good  effect  in  coal  and  rock,  exploding  with 
less  shock  than  dynamite,  and  with  a  quieter  action,  more  like  gunpowder.  No 
appearance  of  tiame  was  noticed  alter  the  shots  were  fired,  and  the  gases  given 
oil  were  non-injurious.  A.  N. 


THE  BOILERS  EXPLOSION  AT  FUIEDEXSHUTTE. 

Unt  Explosion  de  22  Chaudieres  a  Vapewr  aux  hunt*  Fowneaux  de  Friedenshutte 
(Haute-Silesie.')  Bij  —  Olroy.  1889,  Series  8,  Vol.  xv.,  pp.  5-60  and 
Plate  V. 

This  accident  has  been  already  described  in  the  Transactions  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  Vol.  xxxviii.,  Abstracts, 
p.  25.     Full  details  are  given  of  the  accident. 

The  Silesian  Boiler  Inspection  Association  state  that  the  bad  quality  of  the  plates 
of  the  twenty  oldest  boilers,  which  singularly  facilitated  the  rents  from  rivet  to  rivet, 
was  the  preponderating  cause  of  the  extent  of  the  disaster.  Such  defective  material 
was  wholly  unsuitable  for  a  batttery  of  boilers  working  twenty-four  hours  daily  for 
many  years.  They  think  that  boilers  Nos.  4  and  15  were  destroyed  by  steam 
pressure,  that  No.  6  failed  under  the  effects  of  an  explosion  of  flue  gases  and  steam 
pressure,  and  that  the  remainder  have  been  thrown  and  displaced  by  the  external 
action  of  the  explosion  of  flue  gases  and  by  lateral  shocks  from  the  adjacent  boilers. 

The  Silesian  Branch,  of  the  German  Society  of  Engineers  attribute  the  explosion 
to  the  bad  quality  of  the  plates,  and  consider  that  the  determinate  cause  was  want 
of  water. 

The  German  Society  of  Metallurgists  consider  that  one  of  the  boilers  may  have 
exploded  first  owing  to  the  bad  rivets,  plates,  want  of  water,  etc.,  and  to  have  caused 
the  destruction  of  the  others  in  succession  by  the  fracture  of  the  main  steam-pipe. 
They  declare  that  the  explosion  should  not  be  attributed  to  the  flue  gases. 

The  General  Committee  of  the  Prussian  Boiler  Inspection  Associations  are  of 
opinion  that  by  an  unhappy  combination  of  circumstances  an  explosive  mixture  of 
flue  gases  and  air  was  formed  in  the  flues  and.  became  suddenly  ignited.  The 
explosion  of  gases  produced  local  fractures,  etc.,  in  the  boilers,  which  (owing  to  their 
length,  their  mode  of  construction,  and  the  bad  quality  of  the  plates)  were  readily 
extended,  and  finally  the  boilers  themselves  exploded. 

Mr.  Olroy  is  of  opinion  that  the  catastrophe  must  not  be  attributed  to  external 
action  upon  the  boilers,  that  is  by  the  explosion  of  a  mixture  of  flue  gases  and  air 
accumulated  in  the  flues.  It  was  probably  due  to  the  bad  condition  of  the  boilers, 
constructed  of  inferior  plates  and  want  of  proper  repairs,  and  the  explosion  of  one 
boiler  would  successively  cause  the  destruction  or  displacement  of  all  the  others. 
owing  to  lateral  shocks  and  the  sharp  fall  of  pressure  in  their  interior. 

M.  W.  B. 


THE  VERPILLEUX  COLLIERY  EXPLOSION  (ST.  ETIENNE). 

Le    Catastrophe  tin    Putts    Verpttleux,  a   Suint-Etienne.      Le  Genie   Civil,   1889, 

Vol.  xv.,  pp.  219,  325. 

IS  .Explosion  tic  Grisov  tin  Putt*  Verpttleux.     By  A.  Eyrard.      Lc    Genie  Civil, 
Vol.  ■/v.,  pp.  261-208,  and  three  figures. 

No.  13  Seam,  15  feet  thick,  was  being  worked  at  a  depth  of  about  1,300  feet  by 
longwall  in  two  sections  of  about  7^  feet,  the  goaf  being  carefully  packed  with 
material  sent  down  from  bank  as  required. 
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The  explosion  occurred  about  11-50  a.m.  on  July  3,  1889,  in  either  No.  5  or  G 
district  at  the  face.  The  flames,  hot  gases,  irrespirable  gases,  and  air  driven  by  the 
expansion  had  extended  in  three  principal  directions — to  the  downcast  pit  and  to 
the  two  upcast  pits.     Fires  were  found  at  several  points. 

Charred  coal  and  crusts  of  coke  were  found  on  the  timber  in  ISos.  5  and  6 
districts,  and  attained  a  maximum,  at  a  certain  radius  beyond  which  it  gradually 
decreased  in  all  directions. 

Notwithstanding  the  fact  that  the  Jabin  Pit  explosion  of  some  years  ago  was 
and  is  attributed  to  coal-dust,  the  cause  of  this  explosion  is  attributed  to  fire-damp. 
It  is  thought  that  the  gas  came  off  very  rapidly,  and  fouled  a  large  and  rapid 
current  of  air.  This  sudden  issue  is  attributed  to  a  slipping  of  the  rocks  and  coal 
on  a  line  of  fault. 

An  earthquake  occurred  at  3  a.m.  of  the  same  day  near  the  colliery  and  in  the 
Pyrenees,  and  may  have  caused  the  slip. 

It  is  difficult  to  define  the  mode  of  ignition,  but  it  could  not  be  an  opened  lamp 
as  they  are  locked  electrically.  Matches  had  been  found  on  workmen  before  the 
accident,  and  it  is  suggested  that  some  may  have  fired  spontaneously  or  from  a 
blow.  All  the  Marsaut  lamps  were  found  to  be  perfect  after  the  accident.  It  is 
not  considered  probable  that  the  gas  was  ignited  from  the  spark  of  a  pick. 

M.  W.  P.. 


THE  CARBONIFEROUS  CONGLOMERATE  OF  MONS. 

Le  povdingue  houiller  (2eme  notice).    By  J.  Faly.     Annates  de  la  Soc.  Geolog.de 
Beioiqnc,lti8o-8C>,  Vol.  ./■/'/;.     Memoires,  pp.  183-196. 

A  detailed  account  is  given  of  the  occurrence  of  a  Lower  Carboniferous  con- 
glomerate in  the  Mons  coal-field.  Above  this  conglomerate  there  are  600  to  700  feet 
feet  of  beds  (sandstones  and  shales)  either  barren  of  coal  or  containing  only 
unworkable  seams,  and  above  these  again  are  the  Coal-measures  proper. 

O.  S.  E. 


NOTES  ON  THE  TOPOGRAPHY  AND  GEOLOGY  OF  THE  CERRO  DE 

PASCO,  PERU. 

By  A.  D.  Hodges,  Jun.,  M.E.,  Boston,  Mass.  Transactions  of  the  American 
Institute  of  Mining  Engineers,  1887-88,  Vol.  xtri.,pp.  729-752.  Three  map* 
and  one  -section. 

A  description  of  the  geology,  topography,  climate,  and  industrial  resources  of 
the  region. 

The  mining  district  of  Peru  is  described  as  a  belt  of  mountainous  country 
running  nearly  the  entire  length  of  the  Republic.  It  comprises  the  two  ranges  of 
the  Andes,  and  the  high  table-lands  between  them. 

To  the  east  of  this  belt  are  the  plains  and  valleys  of  the  Amazon  and  its 
tributaries  ;  to  the  west  a  narrow  strip  of  coast  from  20  to  50  miles  broad.  In  this 
latter  district  are  found  salt,  petroleum,  enormous  quantities  of  nitrate  of  soda, 
silver  in  a  few  localities,  copper,  and  other  minerals. 

The  mining  belt  has  an  average  elevation  of  15,000  to  16,000  feet.  It  contains 
valuable  mineral  deposits  in  all  parts.  Gold,  silver,  quicksilver,  lead,  and  copper 
are  found  ;  salt  and  coal  occur  in  many  places  ;  iron  is  also  said  to  exist. 

The  Cerro  de  Pasco — the  portion  of  the  district  specially  described  in  the  paper 
— lies  to  the  north  of  Lake  Junin  or  Chinchaicocha.  This  latter  lies  in  a  plateau 
encircled  by  the  Cordilleras  of  the  Andes,  which  unite  to  form  the  Knot  of  Pasco 
(3  ado  de  Pasco). 

At  the  extreme  north  of  the  plateau  an  irregular  circle  of  hills  forms  the  basin 
of  the  Cerro.  It  is  a  series  of  small  terraced  plains,  with  a  low  central  ridge,  on 
which  the  town  and  the  greater  number  of  the  mines  are  located.  This  central 
ridge  is  about  1£  miles  long,  J  mile  broad,  and  is  the  "  Cerro  de  Pasco." 

The  town  is  situated  on  the  backbone  and  eastern  slope  of  the  ridge,  while  a 
series  of  immense  quarries,  or  open  cuts,  called  Tagos,  or  Tag os  abiertos,  occupy  the 
western  slope. 
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Hines  have  been  worked  over  nil  pints  of  the  ridge;  many  of  the  openings  of  the 
same  occur  in  tin;  yards  and  streets  of  t be  town. 

The  altitude  of  the  town  is  some  14,000  feel  above  the  son;  the  population  is 
In, in  7,1100  to  8,000. 

A  railway  running  to  Sachafamilia,  7  miles  distant,  connects  the  mines  with 
various  amalgamating  works  bo  the  south. 

The  social  accommodations  and  mining  appliances  are  described  ;is  rough  and 
primitive  for  the  most  pari  Mining  operations  carried  on  unsystematically  for 
'_'.">0  years  have  resulted  in  the  formation  of  the  immense  open  cuts  or  tajot  by  the 
caving  of  the  mines.  These  passing  into  and  through  the  town  limits  have  destroyed 
many  buildings  and  threaten  others, 

As  to  the  climate  of  the  (  erro,  its  reputed  terrible  nature  is  said  to  be 
unfounded.  No  extremes  of  heat  or  cold  occur,  and  from  August,  lssc,,  to  March, 
1887,  the  temperature  ranged  from  28  degs,  to  'if  deg^.  Fahr.  Lowest  point 
recorded  10  degs.  Fahr.  during  night. 

July,  August,  and  September  are  the  coldest .  and  from  December  to  March  the 
warmest  months.  Hailstorms,  snow,  and  rain  are  liable  to  occur  any  time,  and 
especially  during  certain  seasons.  It  is  exceptional,  however,  to  have  more  than 
2  inches  of  snow  on  the  ground,  or  more  than  a  mere  skin  of  ice  on  the  pools,  and 
both  disappear  quickly  under  the  sun. 

Rains  are  prevalent  from  November  to  March. 

The  air  is  tonic  and  bracing,  but  owing  to  its  thinness  new-comers  are  subject  to 
shortness  of  breath.     There  is  very  little  wind. 

Finally,  it  is  concluded  that  the  climate  of  Cerro  is  unusually  wholesome  for 
those  with  proper  conveniences  of  life,  but  is  trying  to  some  constitutions. 

At  distances  of  from  8  to  10  miles,  in  almost  any  direction,  a  soft  and  pleasant 
climate  can  be  reached  by  descending  one  of  the  steep  ravines. 

The  climate  is  too  cold  for  agricultural  crops,  but  plenty  of  grass  for  sheep  and 
cattle  is  produced. 

The  estimated  grinding  capacity  of  all  the  amalgamating  works  (hue initios')  in 
the  vicinity  of  the  Cerro  is  185,000  tons  yearly.  Many  of  these,  however,  are  seldom 
or  never  used,  and  some  are  falling  into  ruins. 

The  rocks  of  the  mining  belt  are  of  Jurassic  and  Cretaceous  age. 

In  and  around  the  basin  of  the  Cerro,  limestone  conglomerates,  limestones, 
andesites,  slates,  sandstones,  and  the  argentiferous  formation  are  found. 

The  limestone  conglomerate  caps  the  hills  forming  the  western  boundary  of  the 
basin  ;  the  limestones  form  the  hills  on  the  north  and  east,  and  partly  on  south. 
Veins,  some  of  which  have  been  worked,  occur  in  the  limestone. 

Next  the  limestones  come  nearly  vertical  slates,  and  then  eruptive  masses  and 
dykes  of  andesite  containing  fragments  of  sedimentary  rocks.  These  latter  are 
frequently  much  altered  in  the  neighbourhood  of  the  igneous  rocks. 

The  argentiferous  formation  occurs  between  the  limestones  on  the  east  and  the 
andesite  on  the  west.  It  forms  the  surface  of  the  central  ridge  on  which  the  town 
is  built.  The  same  has  long  been  a  geological  puzzle.  For  convenience  it  is 
divided  into  (1)  surface  deposits,  or  ground  above  the  water-level ;  and  (2)  deep 
deposits,  or  ground  below  the  same. 

(1)  Consists  of  a  highly  metamorphosed  and  greatly  oxidized  material  of 
constantly  varying  structure,  colour,  and  composition.  Over  a  large  portion  of  the 
town  ridge  it  is  a  hard,  compact,  reddish  or  brownish,  and  very  quartzose  cap  of 
varying  thickness. 

below  this  the  formation  is  softer  and  more  decomposed  ;  sometimes  of  frag- 
ments of  all  sizes,  loose  or  cemented  together. 

It  is  of  all  degrees  of  hardness  and  structure  :  earthy  masses,  soft  clays,  sugary 
sands,  hard  grey  quartzite,  porous  matter  like  scoria,  and  rotten  slate  occur  in  a 
confused  mixture.  The  smaller  fragments  are  often  arranged  so  as  to  present  a 
slaty  appearance.  It  is  always  very  siliceous,  and  everywhere  contains  at  least 
traces  of  silver. 

Decomposition  does  not  always  proceed  gradually  from  the  surface  downwards  ; 
very  hard  and  very  soft  rocks  often  adjoin. 

In  some  parts  the  silver  is  uniformly  distributed,  and  in  others  in  pockets.  The 
metal  is  rarely  visible,  even  with  a  glass,  and  when  it  is  it  occurs  in  native  scales 
associated  with  quartz. 

The  following  is  an  analysis  of  the  surface  ore  : — 
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Per  Cent. 

Silica 

Alumina        ...         ...         ...         ...         ...  6-50 

Iron  peroxide          13*50 

Iron  protoxide         ...         ...         ...         ...  O50 

Iron  sulphide          ...  2-00 

Lead  carbonate       ...         ...         ...         ...  l-25 

Lime  (and  magnesia)  carbonate..          ...  1*60 

Manganese  peroxide          ...         ...         ...  0*55 

Zinc  (combination  undetermined)         ...  0-40 

Copper          0-05 

Arsenic         ...         ...         ...         ...         ...  trace 

Antimony 0-25 

Sulphur        0-30 


Silver 


from  traces  upwards. 


Below  the  water-level  the  rocks  are  very  much  less  altered,  but  still  metamor- 
phosed to  a  considerable  extent.  Sulphides  of  silver,  copper,  and  iron  are  common 
to  both  divisions  and  to  the  veins  in  the  limestone. 

The  following  is  an  analysis  of  a  hard  pyritic  ore  from  the  deeper  deposits  : — 

Per  Cent. 

Silica,  etc 

Iron 

Copper 

Nickel  

Silver 

Sulphur        

Antimony     ... 

Arsenic 

Moisture 


Gold  occurs  in  the  merest  traces,  and  thallium  has  been  detected  in  the  bullion. 

The  argentiferous  deposit  is  considered  to  be  in  part  metamorphosed  sandstone, 
and  in  part  altered  clay  slate  and  limestone.  The  original  strata  having  been 
repeatedly  tilted  and  altered  by  ejections  of  siliceous  and  metalliferous  matter 
from  below  accompanying  the  eruptions  of  andesite  have  produced  the  existing 
formation.  G.  W.  B. 


26-63 

2-73 

trace 

... 

0-13 

2655 

2-40 

.. 

trace 

0-95 

99-44 

NOTES  ON  THE  GEOLOGY  OF  THE  DE  KAAP  TRANSYAAL  GOLD- 
FIELDS. 

By  W.  H.  Furloxgs.     The  Engineering  and  Mining  Journal  (,\>?j-  Torh\  1890, 
Vol.  xl  /./•.,  j/j>.  287-291.     One  figure  and  one  plan. 

This  paper  contains  a  geological  description  ot  tnc  distiict  as  a  whole. 

White  or  light  red  granite  covers  an  extensive  area,  and  is  sometimes  found 
decomposed  to  considerable  depths.  Taking  the  large  granite  area  upon  the  south- 
eastern edge  of  which  Barberton  is  built,  as  a  centre,  the  auriferous  deposits  are 
found  on  three  sides  among  the  hills.  The  rocks  of  these  hills  are  highly  inclined, 
with  a  strike  tangential  to  the  edge  of  the  granite  basin,  and  dipping  away  from  it  at 
angles  varying  from  60  degs.  to  90  degs. 

The  northern  hills  are  composed  of  a  narrow  belt  of  schistose  rocks  ;  on  the  we>t 
those  rocks  are  true  schists,  talcose.  hornblendic,  and  chloride  ;  on  the  east  they  are 
argillaceous,  and  become  true  shales  ;  on  the  south  are,  as  a  whole,  shales,  usually 
argillaceous,  and  sometimes  hornblendic  and  chloritic. 

Beds  of  sandstone  and  conglomerate  are  found  on  the  south  side. 

Dioritic  dykes  are  found,  frequently  decomposed  into  an  unctuous  red  clay  at 
the  surface. 

A  most  remarkable  feature  is  the  absence  of  lime  and  the  large  preponderance 
of  silica,  generally  as  quartz,  found  in  and  among  the  shales  and  schists,  and  pene- 
trating the  crevices,  cracks,  and  pores  of  the  eruptive  rocks. 

Many  of  these  quartz  deposits  are  auriferous,  of  irregular  and  roughly  lenticular 
shape,  found  laying  at  intervals  along  the  axis  of  their  strike. 


]  n;  NOTKS  OK   PAPEBB   IN    POBEIGN 

The  other  deposits  of  auriferous  quartz  take  the  form  of  veins,  which  extend  toi 
considerable  distances  along  the  line  of  strike 

Both  these  deposits  are  Eound  continuous  for  the  Limited  depths  attained  up  to 
the  present  time.  The  associated  minerals  are  all  sulphides,  and  consist  usually  of 
pyrite  or  pyrrhotite,  rarely  of  chalcopyrite  and  arsenopyrite.  Galenite  has  been 
found  in  a  few  places,  and  sphalerite  never. 

These  sulphides  often  contain  5  ounces  of  gold  per  tun  ;  30  to  50  ounces  are  not 
uncommon,  and  760  ounces  have  been  found  in  one  sample. 

.Many  argillaceous  beds  contain  payable  amounts  of  gold  ;  the  beds  of  conglo- 
merate arc  frequently  impregnated  with  pyrite,  and  with  gold  up  to  one  ounce  per 
ton.  M.  W.  B. 


THE  GOLD-MINES  OF  OURO  PRETO  (BRAZIL). 

Ouro  Preto  ft  les  mines  d'Or  (Br&il).  By  Paul  Fekuand.  Lc  G&nie  Civil, 
1890,  Vol.  m,  pp.  285-288,  303,  304,  325-327,  338-340,  355-357,  374-376, 
389-390,  421-423,  and  22 figures;  Vol.  ami.,  pp.  8-10,  21-23. 

Historical. — In  1572  the  existence  of  gold  was  rumoured  in  Ouro  Preto,  and 
proof  was  found  in  1693.  Mines  were  opened  in  various  parts  of  the  district.  The 
miners,  chiefly  slaves,  increased  to  80,000  about  1750,  but  decreased  to  6,000  in  1820. 
Their  objection  to  mining,  the  heavy  imposts  and  taxes,  gradually  reduced  the 
mining  to  its  minimum. 

At  present  only  six  companies  are  working :  Saint  John  del  Rey  Mining  Co. 
(Morro  Velho  and  Cuiaba  mines),  Santa  Barbara  Mining  Co.  (Pari  mines),  Pitangui 
Mining  Co.,  Dom  Pedro  North  del  Rey  Mining  Co.  (Machine),  Ouro  Preto  Mining 
Co.  (Passagem,  Raposos,  Espirito  Santo,  and  Borges  mines),  and  Societe  des  Mines 
d'Or  de  Faria. 

Geoloijy. — The  rocks  are  distinguished  in  order  of  superposition  as  under  : — 
I. — Gneiss,  mica-schists. 
II. — Micaceous  schists,  schistose  quartzites,  argillaceous  schists,  "  itabirites." 
III. — Compact  quartzites,  sandstones. 

The  itabirites  are  a  mixture  of  schistose  quartz  and  specular  iron  ore. 

The  gold  ores  are  found  in  veins  and  alluvial  deposits. 

The  veins  are  either  quartz  with  auriferous  pyrites,  or  auriferous  quartz.  The 
pyrites  veins  are  only  found  in  the  lower  rocks,  following  the  lines  of  stratification 
forming  bed  veins.  The  quartz  veins  are  found  at  various  horizons  in  the  rocks. 
In  the  argillaceous  schists  a  series  of  parallel  veins  are  usually  found,  and  the  schists 
are  impregnated  with  gold  for  limited  distances. 

In  the  friable  itabirites,  jacotingas,  which  are  traversed  by  quartz  veins,  there 
are  impregnations  of  gold  to  such  distances  that  they  are  frequently  taken  for 
distinct  deposits  from  the  veins  with  which  they  are  intimately  connected. 

The  alluvial  deposits  are  found  in  the  valleys,  and  were  formerly  extensively 
worked. 

Mining. — The  methods  and  tools  used  in  the  working  of  the  alluvium  deposits 
of  the  river  beds,  edges,  and  surface  deposits,  and  friable  and  decomposed  rocks,  are 
fully  described  and  illustrated.  M.  W.  B. 


GOLD-WASHING  AND  DREDGING  IN  NEW  ZEALAND. 

Engineering  and  Mining  Journal,  1890,  Vol.  I., p.  510. 

Between  the  rocky  bluffs,  on  the  west  and  south  coasts  of  the  Middle  Island,  are 
low  beaches  consisting  of  the  disintegrated  bluff,  the  nearer  the  bluff  the  coarser  the 
material,  and  on  the  west  coast  this  is  mixed  with  a  quantity  of  drift  wood. 

The  gold  is  found  in  layers  of  black  titanic  iron  sand,  inclining  from  the  sea  at 
an  angle  of  30  degs.,  or  varying  according  to  the  depth  of  the  wave  that  caused 
withdrawal  of  the  lighter  sand. 

Numbers  of  men  (butters)  are  employed  on  these  beaches  (beach-combing).  A 
high  wind  causes  the  sea  to  make  a  high  beach  of  sand  and  stone,  and  succeeding 
tides  gradually  wash  down  the  lighter  particles,  leaving  the  gold  or  part  of  it  mixed 
with  the  heavier  sand. 

The  beach-comber  uses  a  box  about  4  feet  long  and  2  feet  wide,  with  an  amalga- 
mated copper  plate  at  one  end,  and  a  trough,  4  feet  by  2  feet  by  2  feet,  with  handles 


TRANSACTIONS    AND    PERIODICALS.  147 

at  one  end  and  a  barrow  wheel  at  the  other.     He  wheels  his  plant  from  patch  to 
patch,  and  ascertains  the  payable  ground  with  a  long-handled  shovel. 

The  trough  is  placed  at  right  angles  to  the  box,  with  the  copper  plate  resting  on 
the  edge  of  the  trough,  and  the  box  is  inclined  to  the  trough  at  an  angle  of  1  fn  6. 
Another  box,  holding  about  3  cubic  feet  of  sand,  is  placed  at  the  upper  end,  forming 
a  hopper  wherein  the  material  is  to  be  treated.  The  trough  is  half-filled  with  sea 
water,  then  the  water  is  lifted  from  the  trough  to  the  hopper,  and  carries  back  part 
of  the  wash  in  its  descent.  When  all  the  wash  is  out  of  the  hopper  the  tailings  are 
shovelled  out  of  the  trough,  and  the  operation  renewed.  A  large  proportion  of  the 
gold  is  thus  saved  on  a  flat  2  feet  square. 

Dredging  was  introduced  in  the  year  1887  by  Mr.  B.  Smith.  He  used  a  Ball 
centrifugal  pump,  three-bladed.  20  inches  diameter,  with  suction  end  enlarged  to 
double  area.  This  was  placed  on  a  pontoon  10  feet  by  30  feet,  and  3£  feet  deep. 
The  pump  was  driven  by  a  compound  engine  with  two  cylinders,  5  inches  and  9  inches 
diameter  and  14  inches  stroke.  A  vertical  boiler  wasused,  5  feet  by  2£  feet,  with 
twelve  3-inches  tubes.  The  pontoon  was  fitted  with  a  crane,  fitted  with  a  Wild  grab, 
to  lift  large  stones  and  drift  wood. 

Mr.  Wellman  uses  a  centrifugal  pump,  and  does  not  enlarge  the  suction  end,  but 
places  a  loose  sleeve  outside  the  suction,  with  an  opening  equal  to  the  area  of  the 
suction  between  the  pipes.     This  machine  is  doing  very  good  work. 

The  beacher?  usually  have  a  lagoon  or  creek  in  close  proximity  to  the  beach. 
where  the  dredgers  get  water ;  in  other  cases  the  water  is  led  into  ditches. 

Bucket  and  ladder  dredges  have  been  tried,  without  financial  success,  on  beaches. 
In  rivers,  buckets  and  ladders  have  been  more  successful,  being  driven  by  side 
wheels,  by  the  river  current,  thus  saving  fuel  and  attendance. 

The  deposits  have  a  short  existence  although  some  have  yielded  prodigiously  for 
a  few  months.  j£  'W.  B. 


THE  AMBER  INDUSTRY  IN  EAST  PRUSSIA. 

Bernstein  vnd  Bernstein-Gewinnvng .     Dr.  Richard  Klebs.     Zur  Gvten  Stunde, 

Vol.  v.,  29b.  19. 

At  the  beginning  of  the  Eocene  period  thick  forests  of  a  gigantic  species  of  fir 
tree,  the  Pinites  svccinifer,  covered  the  north-east  provinces  of  Germany  and  the 
southern  bed  of  the  Baltic,  then  dry.  Their  rosin  has  been  preserved  in  the  form  of 
amber  in  a  stratum  of  so-called  "blue  earth,"  consisting  of  the  soil  in  which  the 
forest  grew,  mixed  with  the  detritus  of  the  succeeding  glacial  period.  At  a  some- 
what later  epoch  similar  trees  grew  here  and  there  in  the  forests,  which  produced 
the  brown  coal-seams,  and  in  these  latter  also  amber  occurs  in  small  quantities. 
The  peninsula  of  Samland,  near  Konigsberg,  was  a  part  of  the  Tertiary  or  Eocene 
formation  which  escaped  the  devastation  of  the  glacial  epoch,  and  is  the  home  of 
amber.  The  erosive  action  of  the  waters  of  the  Baltic  has  partly  laid  bare  the  blue 
earth,  and  the  coast  between  Danzig  and  Memel  has  been  for  centuries  the  6eat  of 
the  amber  industry. 

In  times  past  amber  was  fished  from  the  sea.  Its  specific  gravity  being  small, 
lumps  of  it,  entangled  in  floating  seaweed,  were  washed  on  shore  by  the  north  and 
north-west  storms,  and  the  right  of  fishing  for  it  with  a  kind  of  shrimping  net  from 
boats  was  let  to  the  different  villages  on  the  coast. 

About  twenty  years  ago  the  Konigsberg  firm  of  Messrs.  Stantien  &  Becker,  in  whose 
hands  almost  the  whole  industry  now  lies,  successfully  employed  divers  to  search  the 
sea-bed  further  from  the  shore.  The  principal  seats  of  these  operations  were  the 
villages  of  Bruesterort  and  Palmnicken,  the  blue  earth  near  the  latter  places  form- 
ing a  bank  16£  feet  thick,  in  about  8  fathoms  of  water,  and  at  from  half  a  mile  to  a 
mile  from  the  shore.  After  a  time  the  loose  pieces  of  amber  were  nearly  all 
gathered  and  the  diving  was  discontinued,  but  the  same  firm  continued  to  win 
amber  from  the  sea-bed  in  the  Kurische  Haff,  and  at  a  place  further  north,  near  the 
village  of  Schwarzort,  by  dredging.  The  bottom  of  the  Haff  was  dredged  to  a 
depth  of  about  33  feet,  at  first  with  good  results,  but  here  also  the  supply  in  time 
became  exhausted. 

In  1872,  Messrs.  Stantien  k.  Becker  began  mining  operations  at  Palmnicken,  and 
were  the  first  in  successfully  working  the  blue  earth  underground.  Previously 
attempted  sinkings  had  been  frustrated  by  the  large  quantities  of  water  met  with  in 
the  overlying  strata  of  sand  and  glacial  debris. 

S 
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At  an  earlier  date  the  blue  earth  was  reached  by  quarrying,  ami  the  22  fathoms 
of  overlying  strata  were,  at  great  expense,  dug  nut  ami  thrown  into  the  sea.  One 
of  these  quarries  was  now  burned  to  good  account.    A  drift  was  out  in  the  blue 

earth  to  a  point  below  the  intended  shaft,  and  the  water  met  with  in  sinking  was 
let  off  downwards,  through  it,  ami  into  the  quarry,  to  be  there  pumped  out.    On  the 

shaft  being  finished,  ami  the  water  in  the  sand  stratum  dammed  back,  the  drift 
became  unnecessary  and  was  closed.  The  mine  was  then  worked  in  the  ordinary 
manner,  and  it  now  has  passages  of  a  total  Length  of  some  150  miles.  In  the  year 
1890  it  employed  1,550  workmen  and  100  officials,  with  engines  of  1,300  horse- 
power, using  about  1,200  tons  of  coal.  The  annual  output  was  117,000  cubic  yards 
of  blue  earth,  yielding  200  tons  of  amber,  worth  about  £90,000. 

The  blue  earth  is  mined  and  sent  to  bank  very  much  as  coal  is  worked.  The 
larger  pieces  of  amber  are  picked  out  at  the  face  and  collected  in  bags,  at  bank  the 
earth  is  teemed  into  a  large  tank  and  softened  with  jets  of  water,  and  the  mass  thus 
dissolved  is  run  off  in  long  perforated  troughs.  The  sandy  earth  falls  through  the 
holes  in  the  trough  and  the  lighter  amber  remains  on  the  surface  and  is  picked  out 
with  spoon-shaped  nets. 

The  amber  collected  from  the  troughs  and  at  the  face  is  put  into  revolving 
barrels  and  washed  with  water  ami  sand  until  its  coating  of  earth  is  removed.  It  is 
then  sent  to  the  sorting  hall  in  Konigsberg,  and,  according  to  size,  shape,  quality, 
etc.,  is  divided  for  the  market  into  nearly  100  different  varieties,  the  shades  of 
colouring  being  very  varied,  and  variously  appreciated  in  different  countries.  In 
general,  the  flat  pieces  are  manufactured  into  articles  for  smoking,  the  round  pieces 
into  beads  and  other  ornaments,  and  the  smaller  pieces  are  used  for  the  preparation 
i  if  varnish.  In  the  year  1890  these  three  classes  of  manufactured  articles  represented 
values  of  about  £108,000,  £7,750,  and  £9,500  respectively.  A.  R.  L. 


FIKELESS  MINE  LOCOMOTIVE. 

Sur  V Application  de  la  Locomotive  a  vapeur  sans  Foyer  au  Transport  des  Wagons 
dans  I'lnterieur  des  Mines  de  Charbon.  By  Camille  Rolland.  Revue 
Universclle  des  mines,  etc.,  1889,  Vol. viii., pp.  229-238,  and  Plate  10. 

The  locomotive  consists  of  a  receiver  containing  water  heated  to  400  degs.  Fahr., 
corresponding  to  a  pressure  of  about  16  atmospheres  ;  the  heating  of  the  water  being 
affected  by  steam  from  boilers  upon  the  surface.  The  receiver  has  a  capacity  of 
about  20  cubic  feet,  which  allows  of  a  journey  of  2  to  2£  miles.  The  sides  frames 
are  1  shaped  iron  plates,  fitted  with  round  buffer  end  plates. 

There  are  two  pairs  of  driving  wheels,  which  are  coupled  together  and  to  the 
crank  shaft.    There  are  two  cylinders  placed  between  the  I  frames,  and  vertically 

over  the  internal  cranked  shaft.     The  driver's  cab  is  convenient. 

It  is  6  horse-power  at  a  speed  of  400  feet  per  minute,  that  of  a  horse  being  from 
150  to  200  feet  per  minute.  It  weighs  about  6,500  lbs.,  in  working  condition. 
All  the  mechanism  can  be  readily  examined  and  repaired,  being  placed  external!}'. 
It  is  not  more  than  32£  inches  wide,  for  a  24-inches  gauge,  and  the  length  about 
10  feet.     The  exhaust  is  made  at  either  end,  at  the  will  of  the  diiver. 

From  50  to  60  lbs.  of  steam  are  exhausted  per  mile,  and  aids  in  laying  dust. 
The  heat  given  off  is  less  than  that  of  the  equivalent  (6)  number  of  horses  and 
drivers  which  it  can  replace. 

In  case  of  derailment,  owing  to  its  lightness,  one  man  with  proper  tools  can 
replace  it. 

The  cylinders  are  4£  inches  diameter,  and  7  inches  stroke.     The  wheels  are  17f 

inches  diameter,  and  the  axles  39 \  inches  apart.     The  maximum  pressure  of  steam 

is  100  lbs.  per  square  inch,  and  a  maximum  pressure  of  1,660  lbs.  upon  each  piston. 

The  first  cost  of  a  plant  for  a  length  of  1,970  feet  at  a  depth  of  1,970  feet  is : 

Two  locomotives,  one  in  reserve  ... 

Boiler  with  350  square  feet  of  heating  surface  and  fittings 

Pipes,  2  inches  diameter,  for  1,970  feet 

Covering  of  pipes    ... 
Water-pipe   ... 
Contingencies 


£350 

0 

0 

83 

0 

0 

75 

0 

0 

75 

0 

0 

42 

0 

0 

25 

0 

0 

£650 

0 

0 
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The  cost  of  transport  for  1,970  feet  will  be : — 
Two  enginemen  at  2s.  lid.  for  300  days... 

Coal 

Oil,  etc 

Maintenance  and  repairs  ... 

Interest  and  redemption  of  capital,  10  per  cent. 


The  same  work  by  horses  would  cost : — 

Feeding  six  horses,  repairs  to  harness,  redemption,  365  days 

at  2s.  6d ;.. 

Five  drivers,  300  days  at  Is.  8d.  ... 

Two  horse-keepers,  365  days  at  Is.  8d 


The  saving  being  about  £40  per  animal  replaced. 

For  a  distance  of  3,280  feet,  requiring  10  horses,  the  cost  would  be  : — 

Ten  horses,  365  days  at  2s.  6d £456  5  0 

Eight  drivers,  300  days  at  Is.  8d.            200  0  0 

Two  horse-keepers,  365  days  at  2s.  Id.    ...         ...           76  0  10 

£732  5  10 


£87 

10 

0 

21 

0 

0 

6 

10 

0 

25 

0 

0 

65 

0 

0 

£205 

0 

0 

£273 

15 

0 

125 

0 

0 

60 

16 

8 

£459 

11 

8 

The  two  locomotives  being  still  sufficient  for  the  work,  and  allowing  that  the  cost 
may  be  £220,  there  is  a  saving  of  at  least  £50  per  horse  replaced. 

M.  W,  B. 


TRANSMISSION  OF  POWER  THROUGH  A  BOREHOLE. 
By  Wm.  HALL.       The  Colliery  Engineer  {U.S.),  1889,    Vol.  ix.,  p.  173. 

The  north  slope  in  the  Spring  Hill  Colliery  (Nova  Scotia)  will  ultimately  be 
driven  for  a  distance  of  2,050  feet,  dipping  about  18  inches  per  yard  ;  at  present  it 
has  been  driven  about  800  feet. 

A  borehole  4  inches  in  diameter  lias  been  put  down  from  the  surface  to  a  depth 
of  about  600  feet,  cutting  the  line  of  the  north  slope,  at  about  1,300  feet  from  the 
top.  An  engine  and  boiler  are  placed  near  the  hole,  and  a  rope  is  taken  down  the 
borehole,  which  will  be  used  to  haul  the  coals  from  the  dip  in  extending  the  north 
slope,  in  advance,  for  a  further  distance  of  750  feet.  The  coals  from  these  workings 
is  conveyed  temporarily  to  the  surface,  through  a  level  drift  to  the  west  slope  (at 
the  aforenamed  depth  of  600  feet),  through  which  it  is  hoisted  to  the  surface. 

M.  W.  B. 


IRON  IN  MEXICO. 

By  Richard  E.  Chism.     The  Engineering  and  Mining  Journal  {New  York), 
Vol.  ,rlvi.,  1888,  pp.  391-392. 

The  total  production  of  iron  in  Mexico  may  be  estimated  as  under  : — 

Tons. 

Durango  7,200 

Hidalgo  5,000 

Jalisco  600 

Oaxaca  ...         ...         450 

Guerrero  ...         ...  200 

Other  provinces  ...         100 


13,550 


About  4,500  tons  are  sold  as  castings  and  the  remainder  is  wrought  into  bars  for 
smiths'  use. 

The  most  important  deposit  of  ore  is  the  "  Iron  Mountain,"  near  the  city  of 
Durango.  It  is  an  immense  hill,  1  mile  long,  \  mile  wide,  and  rising  at  the  highest 
points  to  450  or  650  feet  above  the  surrounding  plain.  The  ore  in  situ  is  estimated 
at  250,000,000  tous,  and  is  all  oxides,  yielding  about  50  per  cent,  of  iron  in  the  blast 
furnace,  and  is  reasonably  free  from  phosphorus  and  sulphur. 
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The  next  deposit  of  ore  in  importance  1b  that  of  Ziniapan,  in  the  state  of  Hidalgo. 
These  ores  arc  chiefly  magnetic  oxides,  with  80  to  80  per  cent,  of  iron,  and  very  low 
in  sulphur  and  phosphorus.  There  arc  six  Mast  furnaces,  four  of  which  are  in 
operal  ion.      The  ore  is  worked  open-caal  a1  a  cost  of  about  2s.  per  ton. 

In  the  state  of  Jalisco,  the  chief  ores  found  are  hematites,  with  an  average  of 
05  per  cent,  of  iron.  There  are  two  blast  furnaces.  The  fuel  used  is  charcoal, 
costing  ul'out  20s.  per  ton  ;   mining  costs  from  '_'s.  to  Bs.  per  ton. 

In  the  state  of  Oaxaca  extensive  deposits  of  haematite  and  magnetite  are  worked 
in  several  places. 

Other  deposits  of  ore  are  found,  of  haematite  near  Salome  Botello  Station,  on  the 
National  Railroad,  about  80  miles  south  of  Laredo,  in  Texas;  near  Monclova,  on 
the  International  Railroad,  about  50  miles  west  of  the  last-mentioned  deposit ;  in 
the  cantons  of  Matamoros,  Galeana,  and  Jimenez,  in  Chihuahua;  in  the  district  of 
Leon,  in  the  state  of  Guanajuato ;  and  near  the  city  of  Culiacan,  in  the  state  of 
Sinaloa.  M.  W.  li. 


RULES  FOR  VALUATION  OF   IRON  ORES. 
lh/  s.  I?.  Patterson.    Engineering  and  Mining  Journal  (Nem  York),  1889,  Vol. 

.rlviii.,   p.    201. 

Rules  for  determining  the  relative  values  of  iron  ores  containing  the  ordinary 
constituents : — 

1. — Metallic  Iron. — 

(a)  Base,  less  than  40  per  cent,  per  unit  iron. 

40  per  cent,  to  44  per  cent.,  inclusive,  add  i  cent  per  unit. 
45  „  49  „  „  I 

50  „  54  „  „  I 

55  „  59  „  „  1 

60  „  64  „  ,,  1^  cents  per  unit. 

65  „       and  upwards,  add  \\  cents  per  unit. 

No  fractions  of  1  per  cent,  to  be  counted. 
(b~)  Taking  unroasted  magnetites  as  100;  calculate  red  haematites  as  110; 
and  brown  haematites  as  115. 
2. — Phosphorus. — Deduct  for  passing  Bessemer  limit  25  cents  per  ton,  and  1  cent 

per  ton  additional  for  every  one-hundredth  of  1  per  cent. 
3, — Sulphur. — Deduct  1  cent  for  every  2  one-hundredths  of  1  per  cent. 
4. — Silica. — Offset  by  bases  in  following  ratio  : — 

Lime. — 1  per  cent,  offsets  1  per  cent,  silica. 
Magnesia. — 1  per  cent,  offsets  1£  per  cent,  silica. 

For  excess  of  silica  above  bases,  as  above  calculated,  deduct  5  cents  for 
every  1  per  cent. 
5. — Alumina. — In  doubt  as  to  its  position. 

6. — Fine  Ore. — Proportion  of  fine  ore  to  coarse  ore  has,  in  some  cases,  a  bearing 
on  the  relative  values.  M.  W.  B. 


LATERAL   EFFECTS  OF  FALLS   IN  MINES. 

La  Prorogation  laterale  des  Mouvcments  d'Fffondrement  dans  leg  Mines.  By  — 
Villot.  Annates  des  Nines,  1889,  Series  8,  Vol.  xvi.,  pp.  421-426,  and 
Figure  3,  Plate  X. 

In  this  case,  heavy  falls,  produced  by  the  robbing  and  removal  of  pillars  33  feet 
square,  in  a  7-foot  seam  of  coal,  lying  at  a  depth  of  1,060  feet,  were  felt,  and  damage 
caused  to  houses,  etc.,  in  villages  situated  at  distances  of  2,600  yards,  3,500  yards. 
4,000  yards,  and  7,900  yards,  situated  on  coal-measures.  No  effects  were  produced 
at  distances  of  3,000  yards  and  3,700  where  the  villages  were  situated  on  older  rocks 
forming  the  margins  of  the  coal-field  or  basin.  M,  W.  B, 
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PROCEEDINGS. 


NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL     MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

October  11th,  1890. 


Mb.  A.  L.  Steavenson,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  Chairman  said  the  time  had  now  arrived  for  the  election  of  the  repre- 
sentatives of  this  Institute  on  the  Council  of  the  Federated  Institution  for  the 
ensuing  year,  and  the  Council  suggested  that  the  present  representatives  should 
be  re-elected.  If  this  course  were  adopted  considerable  time  and  trouble  would 
be  saved.  The  co-optated  members  of  Council  who  represented  this  Institute  would 
be,  as  the  name  implied,  elected  by  the  Council  themselves. 

Professor  J.  H.  Merivale  moved  the  appointment  of  the  present  representatives. 
Mr.  R.  Thompson  seconded  the  resolution,  which  was  carried  unanimously. 
The  names  of  the  representatives  on  the  Council  of  the  Federated  Institution  of 
Mining  Engineers  are  : — 

1. — W.  Armstrong,  Jun.,  Es^.,  Wingate,  Co.  Durham. 

2. — Sir  Lowthian  Bell,  Bart.,  D.C.L.,  F.R.S.,  Rounton  Grange,  Northallerton. 
3. — M.  Walton  Brown,  Esq.,  3,  Summerhill  Terrace,  Newcastle-upon-Tyne. 
4. — W.  Cochrane,  Esq.,  Grainger  Street  West,  Newcastle-upon-Tyne. 
5.— John  Daglish,  Esq.,  F.G.S.,  Marsden,  South  Shields. 
6. — T.  Douglas,  Esq.,  Peases'  West  Collieries,  Darlington. 
7. — G.  B.  Forster,  Esq.,  M.A.,  F.G.S.,  North  Jesmond,  Newcastle-upon-Tyne. 
8.— G.  C.  Greenwell,  Esq.,  F.G.S..  Elm  Tree  Lodge,  Durfield,  Derby. 
9. — G.  May.  Esq.,  Harton  Colliery,  South  Shields. 
10. — John  Marley.  Esq.,  Thornfield,  Darlington. 

11. — J.  B.  Simpson,  Esq.,  F.G.S.,  Hedgefield  House,  Biaydon-upon-Tyne. 
12. — A.  L.  Steavenson,  Esq.,  Durham. 

13. — James  Willis.  K-q..  H.M.  Inspector  of  Mines,  14,  Portland  Terrace,  New- 
castle-upon-Tyne. 
14. — Lindsay  Wood,  Esq..  Hermitage.  Ohester-le-Sti-n-t. 

A 
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The  following  gentlemen  were  elected,  having  been  previously  nominated : — 

Members — 
Mr.  George  Bradford,  Colliery  Viewer,  Witton  Park,  Darlington. 
Mr.  George  Arthur  Mitcheson,  Mining  Engineer,  Dresden,  Longton,  Stafford- 
shire. 
Mr.  William  Ryder  Stobart,  Mining  Engineer,  Etherley  Lodge,  Darlington. 
Mr.  Thomas  Watson,  Mining  Engineer,  Trimdon  Colliery,  Trimdon  Grange. 

Associate  Member — 
Mr.  William  Cochran  Carr,  Coal  Owner,  Benwell  Colliery,  Newcastle-upon- 
Tyne. 

Associate— 
Mr.  Thomas  Clark,  Under-Manager,  Dipton  Colliery,  Lintz  Green  Station. 

Student — 
Mr.   George   Murray   Andrews,   B.A.,    Mining   Student,    Broomhill   Colliery, 
Northumberland.  . 


The  following  gentlemen  were  nominated  for  election : — 

Members — 
Mr.  James  Burn,  Mechanical  Engineer,  etc.,  28,  Fawcett  Street,  Sunderland. 
Mr.  William  Rochester,  Colliery  Manager,  River  View,  Blaydon-on-Tyne. 
Mr.  Francis  H.  Spencer,  Mining  Engineer,  Robinson  Gold  Mining  Company, 

Witwatersrand. 
Mr.  Hugh  Waddle,  Mechanical  Engineer,  Llanmore  Iron  Works,  Llanelly, 

South  Wales. 

Associate — 
Mr.  William  Stephenson,  Under-Manager,  Garesfield  Colliery,  Lintz  Green. 


Mr.  M.  Walton  Brown  read  his  paper,  communicated  by  the  Explosives  Com- 
mittee, on  "  Experiments  with  Explosives  used  in  Mines." 
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EXPERIMENTS  WITH  EXPLOSIVES  USED  IN  MINES. 

Br  M.  W ALTON  Browx. 

An  interesting  series  of  experiments  with  explosives  used  in  mines  were  made 
on  August  25th,  1890,  at  the  Cymmer  Collieries,  Glamorganshire,  at  which  the  writer 
attended,  on  the  invitation  of  Messrs.  George  Insole  &  Sons,  the  proprietors. 

I. — Description  of  the  Apparatus  (Plate  V.). 

The  apparatus  consists  essentially  of  a  cannon  a  and  a  gas  chamber  b. 

The  cannon  a  is  a  steel  block  (securely  hooped  with  steel  rings)  2  feet  6  inches 
long  and  1  foot  8  inches  diameter,  with  a  2  inch  hole  about  1  foot  8  inches  long. 

The  gas  chamber  b  is  formed  -in  a  cylindrical  boiler  5  feet  11  inches  diameter  anil 
18  feet  long,  one  of  whose  convex  ends  is  removed.  The  boiler  is  firmly  bedded 
in  the  ground,  and  the  closed  convex  end  and  the  cannon  (partially  inside  the 
boiler)  is  securely  built  into  a  block  c  of  cemented  masonry.  The  cannon  is  placed 
so  that  the  shot  hole  points  obliquely  upwards  at  an  angle  of  about  15  degs.  to  the 
axis  of  the  boiler. 

A  wooden  ring  3  inches  square  d  is  bolted  on  the  inside  shell  of  the  boiler,  9  feet 
from  the  end,  to  which  a  circular  piece  of  brattice  cloth  e  is  attached  in  each 
experiment.  By  this  means  a  closed  chamber  b  is  formed  in  the  boiler  with  a  capacity 
of  about  300  cubic  feet. 

About  9  inches  from  the  closed  end,  and  on  the  top  of  the  boiler,  there  is  a 
small  hole/ through  which  the  firing  cable  g  is  led  from  the  magneto-electric  ex- 
ploder. At  about  3^  feet  from  the  same  end  there  is  a  square  opening  h  of  13  inches, 
fitted  with  a  wooden  seat  i  covered  with  flannel,  and  closed  by  a  wooden  lid  or  valve  k 
(weighing  12  pounds)  attached  to  a  rope.  At  about  8  feet  from  the  other  end  of  the 
boiler  there  is  a  hole  /,  13  inches  by  5  inches,  covered  by  an  iron  plate  m,  ^  inch  thick, 
fitted  with  bolt  and  bridge  like  a  man-hole  cover. 

A  small  fan  n  is  fitted  about  18  inches  from  end  of  boiler,  and  in  front  of  the  cannon. 
It  consists  of  a  light  iron  rod  with  a  cranked  handle  at  one  end,  which  is  passed  from 
side  to  side  through  the  boiler,  and  fitted  on  each  side  of  the  axis  of  the  boiler  with 
two  plates  of  tin  15  inches  by  18  inches,  which  act  as  fan  blades  when  the  iron  rod 
is  turned  by  the  external  handle.  These  tin  plates  have  two  holes  at  their  edges, 
through  which  the  iron  rod  is  passed. 

The  gas  for  the  experiments  is  procured  from  a  large  blower  in  the  2  feet  9  inch 
seam,  whence  it  is  led  to  a  large  receiver-meter  about  10  yards  from  the  boiler,  by 
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which  the  gas  is  measured  out  Lnto  the  chamber  through  a  pipe  o  attached  to  the 
round  end  of  the  boiler,  and  in  front  of  the  Bteel  cannon.     I  ed  baa  an 

approximate  composition  of — 

Marsh  gas        96-0 

( larbon  dioxide           ...        ...        ...        ...  ■"> 

Nitrogen           3-0 

Oxygen ...         ...         ...         ...  "6 

From  the  experiments  of  the  French  Explosive  Su  I  stances  Commission,  it  appears 

that  tlu'  apparenl  temperature  of  ignition  of  a  mixture  of  fire-damp  and  air  is  about 

3,992  degs.  Fahr.,  and  thai  of  a  mixture  of  coal-gas  ami  air  is  about  3,812  degs.  Fahr. 

It  is  evident,  therefore,  that  the  inflammability  of  mixtures  of  coal  gas  and  air,  and 

of  fire-damp  and  air,  are  practically  the  same. 

R 
Each  charge  is  fired  with  one  -  detonator,  by  means  of  a  Nobel  magneto-electric 

exploder. 

II.— Mode  of  Carrying  Out  the  Experiments. 

The  experiments  were  carried  out  under  the  superintendence  of  Mr.  T.  Griffiths, 
manager  of  the  colliery,  assisted  by  Mr.  Joan  Evans,  under  manager,  and  Mr.  J.  D. 
Lewis,  and  were  intended  to  show  the  results  of  shots  fired  without  stemming  into 
an  explosive  atmosphere,  i.e.,  a  mixture  of  air  with  10  per  cent,  of  natural  mine  gas, 
and  charged  with  coal  dust. 

The  charges  were  fired  without  stemming,  and  a  charge  of  3  ounces  of  blasting 
gelatine  was  used  in  experiment  8,  in  order  to  avoid  any  risk  of  bursting  the  steel 
cannon,  and  consequent  danger  to  the  observers. 

Several  objections  were  made  to  the  mode  of  carrying  out  the  experiments  :  it 
being  said  that  no  one  would  attempt  to  fire  explosives  without  stemming  in  a  fiery 
colliery.  It  was  arranged,  however,  that  although  the  conditions  were  such  as  did 
not  ordinarily  occur  in  the  mine,  it  would  be  instructive  to  proceed  to  this  extreme, 
and  make  the  experiments  under  severe  conditions,  all  the  explosives  being  treated 
precisely  alike,  i.e.,  igniting  them  when  unstemmed  in  the  shot  hole. 

The  experiments  were  conducted  as  follows : — 

The  valve  k  being  open,  and  the  brattice  cloth  not  attached  to  the  ring  d,  the  charge, 
with  the  detonator  inserted,  and  connected  to  the  firing  cable,  was  placed  in  the 
cannon,  and  pressed  to  the  bottom,  without  any  tamping  or  stemming  being  used. 

The  valve  k  was  then  placed  in  position,  and  the  circular  piece  of  brattice  cloth  e 
was  tacked  to  the  wooden  ring  d,  and  30  cubic  feet  of  the  gas,  measured  by  the  meter, 
was  passed  into  this  closed  chamber,  during  which  time  the  fan  was  turned  rapidly, 
in  order  to  mix  the  gases.  A  shovelful  (about  7  pounds)  of  fine  coal  dust  was  then 
thrown  into  the  chamber  at  the  valve  k,  and  the  fan  turned  rapidly  until  it  was 
assumed  that  the  gases  and  coal  dust  were  thoroughly  mixed.  The  mixture  was,  in 
most  cases,  tested  with  a  Davy  lamp,  by  removing  the  brattice  cloth  near  the  top 
and  bottom  of  boiler,  by  Mr.  Robson,  H.M.  Inspector  of  Mines,  in  order  to  ascertain 
whether  it  was  actually  inflammable. 
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The  axle  of  the  fan  was  then  drawn  out,  and  the  tin  plates  allowed  to  fall  to  the 
bottom  of  the  chamber,  the  axle  hole  was  plugged,  and  after  a  short  interval  the 
charge  was  fired. 

No  observations  were  made  as  to  the  temperature  of  the  air  in  the  boiler,  of  the 
shell  of  the  boiler,  or  of  the  cannon;  but  the  hand  revealed  a  marked  rise  in  the 
temperature  of  the  shell  of  the  boiler  and  of  the  cannon.  Xo  special  attention  was 
given  to  the  airing  of  the  boiler,  and  the  coal  dust,  coke  crusts,  paper,  etc..  were 
allowed  to  accumulate  in  the  boiler  during  the  course  of  the  first  six  experiments, 
except  such  as  might  be  blown  out  by  the  effects  of  each  experiment.  It  was 
swept  out  prior  to  experiments  7,  8,  11,  and  15. 

III.— Descbiptiox  of  the  Explosives  Tested. 

Ammonite.-This  consists  of  a  mixture  of  10  parts  of  mononitro-naphthalene 
with  90  parts  of  nitrate  of  ammonia,  enclosed  in  a  thin  tin  case  fitted  with  a  pro- 
jecting nipple  at  the  closed  end  to  receive  the  detonator  and  closed  with  a  screwed 
cover  at  the  other  end.  This  air-tight  case  should  render  this  explosive  impervious 
to  damp  and  climatic  changes.  It  is  claimed  that  this  explosive,  with  a  minimum 
of  one  inch  of  stemming,  will  not  ignite  an  explosive  mixture  of  air  and  gas. 

Bellite.- This  consists  of  a  mixture  of  about  80  parts  of  nitrate  of  ammonia 
with  about  20  parts  of  meta-dinitro-benzol.  The  cartridges  are  compressed  and 
coated  with  waterproof  substance,  and  enclosed  in  strong  paper  wrapping  thus 
protected  :t  is  said  to  be  capable  of  being  stored  for  years  without  deterioration 
This  protective  casing  should  allow  of  its  convenient  use  in  wet  shot  holes.  It  is 
said  to  be  of  great  explosive  power,  and  incapable,  when  stemmed,  of  igniting  fire- 
damp or  coal  dust. 

Blasting  Gelattne.-ThiB  is  a  gelatinous  mass  containing  from  93  to  95  parts  of 
nitro-glycerine  and  7  to  5  parts  of  nitro-cotton.  The  explosive  is  enclosed  in  strong 
paper  covers.  It  is  claimed  that  this  explosive  is  nameless,  when  fired  in  a  water 
cartridge.  The  water  cartridge  cases  are  made  of  specially  prepared  impermeable 
paper,  fitted  with  tin  supports,  by  which  the  explosive  is  maintained  in  a  central 
position  and  surrounded  by  the  water. 

Carbomte.-Thia  explosive  has  a  brown  granular  appearance,  and  consists  of  25 
parts  of  nitro-glycerine,  £  part  of  sulphuretted  benzol,  40  parts  of  wood  meal, 
31  parts  of  either  (or  both)  nitrate  of  potash  or  nitrate  of  barytes.  and  J  part  of 
carbonate  of  soda.  The  preparation  is  enclosed  in  strong  parchment  paper  covers. 
It  is  claimed  that  this  preparation  will  not  ignite  explosive  mixtures  of  air  and 
gas.  It  was  freely  stated  as  the  result  of  previous  experiments  that  carbonite 
could  be  fired  unstemmed  in  the  shot  hole  in  the  presence  of  gas  without  igniting  it. 

Compressed  Blasting  Pouch,:— The  sample  used  was  of  the  ordinary  descrip- 
tion supplied  for  blasting  in  mines,  in  bobbins  weighing  4  ounces  each. 

Robwrite.— Is  a  mixture  of  nitrate  of  ammonia  with  not  less  than  5  per  cent,  and    " 
not  more  than  12  per  cent,   of  chlorinated  dinitro-benzol   (containing  not  more 
than  4  per  cent,  of  chlorine).    The  samples  used  appeared  to  be  a  mixture  of  87 
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parta  of  nitrate  of  ammonia  and  13  parts  of  chlorinated  dinitro-benzol.  TheRoburite 
Company  state  that  theii  explosive  requires  a  short  length  of  stemming  in  order 
to  enable  the  products  of  combustion  to  act  effeci  iv.lv.  and  quench  all  flame. 

No.  1  (or  Stone  )  Securite. — This  consists  of  26  parts  of  dinitro-benzol  and  74  parts 
of  nitrate  of  potash.  It  is  enclosed  in  strong  paper  covers.  This  Is  said  to  be  a 
safe  explosive,  'nit  it  is  not  claimed  to  be  flame! 

No.  2  (or  Coal)  Securite. — -This  explosive  is  a  mixture  of  80  parts  of  nitrate  of 
ammonia,  17  parts  of  dinitro-benzol,  and  3  parts  of  oxalate  of  ammonia,.  This  explo- 
sive is  said  to  lie  almost  flameless,  and  when  used  with  the  patent  flameless  cartridge 
case,  the  little  flam-  appears  to  be  controlled.  This  ease  is  a  flannel  bag,  prepared 
with  suitable  chemicals,  and  requires  to  be  immersed  for  a  short  time  in  water  before 
use.  The  cartridge  and  attached  fuse  is  placed  in  the  centre  of  the  saturated  case, 
each  end  of  which  is  then  securely  tied  with  string. 

Tonite. — This  mixture  consists  of  50  parts  of  gun-cotton  with  50  parts  of  nitrate 
of  barytes.  The  explosive  is  compressed  into  cartridges  covered  witli  waterproofed 
brown  paper.  Tonite  may  be  kept  for  years  without  deterioration  in  any  climate. 
It  is  claimed  to  be  nameless  when  used  with  Trench's  compound  stemming.  This 
flame  extinguishing  compound  consists  of  sawdust  impregnated  with  certain  chemi- 
cals, and  has  the  appearance  of  dirty  salt.  The  tonite  cartridge  is  placed  in  a  larger 
brown  paper  casing,  the  intervening  space  being  packed  with  the  compound  ;  or  the 
paper  case  may  be  dispensed  with,  and  the  tonite  charge  placed  in  the  hole  and 
tamped  with  the  compound. 

It  was  stated  that  the  whole  of  the  explosives  used  during  the  experiments  were 
supplied  direct  from  collieries  in  the  neighbourhood,  where  they  were  respectively  in 
ordinary  use. 

IV. — Results  of  Expekimexts. 

Table  A  contains  the  results  of  experiments  1  to  6  and  14,  carried  out  in  accord- 
ance with  the  programme  :  the  whole  of  the  explosives  (except  carbonite)  being 
placed  in  the  shot  hole  in  the  paper  or  other  covers,  the  detonator  being  partially 
pushed  into  the  end  of  the  cartridge.  The  carbonite  was  removed  from  its  paper 
cover  and  gently  pressed  to  the  end  of  the  hole,  the  detonator  being  inserted  and 
covered  with  the  last  portions  of  the  charge. 

The  ignition  of  the  gas  on  the  explosion  of  the  carbonite  in  experiment  5  may 
have  been  due  to  its  improper  preparation  or  sweating,  or  part  of  the  charge  may 
have  contained  too  high  a  proportion  of  nitro-glycerine  which  might  detonate  alone 
and  ignite  the  gas.  Carbonite  is  a  modification  of  dynamite,  and  may  be  subject  to 
the  defects  of  that  explosive,  viz.,  liability  to  freezing  and  exudation  of  the  liquid 
nitro-glyceriue  on  contact  with  water. 

These  experiments  demonstrate  with  great  clearness,  for  the  explosives  tried 
uustemmed,  that  none  of  them  are  flameless,  and  that  all  will  ignite  explosive  mix- 
tures of  gas  and  air,  charged  with  coal  dust,  when  fired  unstemmed. 

Table  B  contains  the  results  of  a  further  series  of  trials  which  were  made  on  the 
completion  of  experiments  made  in  accordance  with  the  programme  suggested  by 
Mr.  T.  Griffiths. 


EXPERIMENTS   WITH    EXPLOSIVES   USED   IX   MIXES. 


^3 

fc 

u 

£ 

^  a 

0 

ID   © 

^ 

o3 

~  -— 

n«-i 

rs  a 

« 

m-a-a 

^"3  w 

•4 
i-t 

— 

o    . 
©  ^ 

CN 

-t- 

CO 

© 
a 
O 

o 

o 

- 

I 
"3 
a 
_o 

! 

- 
o 
- 
© 
u 

a  to 

c3_ 

s 

d 

§ 

- 
> 

= 

o-d 

cS  °  © 

1 

eis  © 

ft 
- 

3  5 

o 

= 

g  B  a 
fe  o  a 

^  "  - 

a 

c 
- 

HH 

30 

cC  ^ 

"fi" 

m 

< 

o 
•d 

.  thick, 
n.,  was 
out  45°; 
s  shat- 
yards ; 
haken. 

a 

"a? 

© 

a  "^  c3  &  ™ 

a 

o 

PSl» 

CD 
H 

a 

^ 

a 

© 

ron  plate,  J  i: 
olo  5  in.  by  13 
middle  \_a 
od    valve    w 
d  blown  a  fe' 
masonry  was 

CO 

7* 

$i 

a  a) 

.a  > 

o 

CI 

^ 

00 

© 

a 
O 

* 

OS 

*~ 

i 

to 

o 

•a 

© 

o 

1 

=; 

©  © 

0 

0 

—  ,3  "  o  a  m 

."3.  & 
c  © 

a 
_o 

m 

©J2 

CD 

• 

3i  =  M| 

.a  e3 

•oft 

m 

a 

so 

1-H 

>> 

I'3 

Cfl  r^ 

© 
> 

3 

- 

S  ©  a  ©  g"d 

"o^5si 
•< 

si 

•a 

CD 

&£ 

_g 

g 

S3 

a 

cS 
g"3 

2 

in 

«"- 

a 

o 
g 

w"3 

>d 

CD 

© 

ca 

© 

CO 

©  © 

CM 

CO 

CO 

t- 

•T3 

6J  § 

•a  qj 
>»3 

tH 

P  a 

a 

2 

w 

ia 

£  P. 

oft 
"1* 

a 
O 

CO 

S 

"a  a 

O 

b 

3 

0 

s  a 

- 

3  2^ 

^  o  a 
a -Si 

n 

6° 

M 

i> 

^.S 

3 

fi"3 

Ti 

9 

_« 

© 

c3 

M© 

Ph<» 

2 

j 

1° 
—  — 

_^ 

© 
M 

-* 

g 

•5  3 

-*• 

CI 

od 

© 

C4 

CO 

i 

c- 

o 

o 

^  a  o 

o 

a 

o 

2  © 

3  ft 

—   c2 
O  ft 

O 

a 
o   . 

•J3  © 

a  3 
to-o 

1 

©   CD 

o 

b  ©• 

go 
a  © 

I1 

a 

pq 

fa 

© 

-d 

la 

a 

-e 

5=    - 

^ 

a 
© 

©  a 

- 
a 

CO 

U3 

o'i 

•-13  0) 

s  & 

cq 

■>* 

CO 

© 

a 

O 

00 

CI 

OS 

"o 

o    . 

'■3  P 

a  5 
to-^ 

M 

Louder  repc 
than  last. 

10  feet  of 
issued  out 
end  of  boil 

leg" 

j|  ©'o 

a  oC 

-ftO 

09 

> 

a 

a 
5 
PQ 

— 

.3 

M 

© 

©■d 
o  a 

a 

5 

08 

sa 

a 

in 

© 

cm 

41 

CO 

CO 

o 

o 

o 

0 

© 

©  ° 

03 

> 

o 

CM 

CSI 

'a 

is 

a 
O 

CO 

1© 

•d 

3 

■d  .- 

t»3 

3 
- 

> 
0 

cj 

BQ 

• 

a  © 

'5  3 

a 

i-! 

o 
i?5 

J3  ftO 

£ 

I 

M 

a 
© 

<w 

s 

o 

T*1 

■a 

QJ     ~     (J) 

*J* 

Tj* 

6C 

til* 

CD 

s 

o 

O 

o 
o 

-1 

ri 

■d 

i-i 

71 

CO 

gtS'S 

O 

tO     . 

c 

©4^ 

all 

a  a 

5 

tos 

a  •?■ 
o.2 

Hi 

— 

0 

|l 

S 

n 

a 

si 

*  £ 

3 

a 

6 

CD 

■d 

© 

03 

a 

3 

§ 

o 

a§ 

■ds 

a  fe 

©  60 

•-.3 

c  g 

*8 

§ 

60 

c3 

© 

C£ 

© 

C3 

13 
a) 

© 

> 

o 

k 
© 

CD 

■d 

*S 

CD 

a  £ 

-  a 

III 

43 

o 

--■ 
.2 

S 

H 

i 

c 

CD 

4 
a 

0 

- 

•6 

a 

a 

0 

o 

© 
o 

© 

s 

03 

© 

a 

a 
S 

•d 

"3 

© 
© 

03 
J 

a 
c 
© 

o 

pi 
© 

.2       • 

~4  : 
i~ 

u  ©  c3 

aa  >> 
©-^  « 

u 

© 

©  ©  a 

"8 

© 

- 
g 

O 

o 

bu 

0 
<D 
O 
f* 
CD 

•5 

a 

(4 

© 
© 

IS 
Cfl 

1? 

ft 

a   . 

e3  o 
£-* 

11 

a 

o 

= 

o 

5  :- 

D   - 
P.  - 
'  IT 

§a 

3 

0) 

=  .- 

£ 

o  a  a 

~ 

o 

© 

J3 

ft 

am 

©.2 

a  S 

& 

H 

&^" 

fc 

a 

C5 

PM 

O 

03 

Q 

«! 

<! 

O 

P 

« 

EXPERIMENTS    with    EXPLOSIVES    I  3ED    i\    MINES. 


is 

J"  05 


«l» 


eo     S 


1    2S 

».a»S 

_  (S.Q  ci 
a      S 

3  2    *  . 

3  o  t,  -  t, 

15^3  2 
|  S  8.8  8 


tfr- 


O    fc 


g  s 


rH      •*      Hi 


s  s 


o 

oo 

o 

as 

1 

-a 

•9  M 

a 

.2  S  N 

5  s  <u 

- 

B"d 

x> 

t5  C*3 

o  a 

a 

fc~ 

0 

fc 

6  a 

& 

«l» 


19 


tfl» 


II 


0    fc 


5§ 


■  V.<° 


2      2  8  >  -  a 
ou_  a  «*  a  J  >» 


SSI'S 

*«      a  a 

O  £l         CD 

2  a  -  s 

Kgap, 


°  a  <u  £  % 


«l» 


i-si 

bo  cd  J2 
bog-o 

U3  cd  cd 

CO  >■" 

a  a  g 


&te 


0    fc 


g  cb  a 

sag 


»a.S 
a  JJ-a 

a  a  S 


.M3*.3 

a  a5ra  o 

^  a-d  a      | 


o  CD 

■  ■».£; 

3  a 


a  o 

.fc  a 


fc     H 


O  O  pi 

as8 

0J 
.5 

a 

.*f  a 

Hi 

■s  ° 
5  s 

3 

CD  o 

»?  § 

a  a 

fc 

fc 

If 

is 

fc 

*«    .§•=     g 


«      "3       S 


o  a    .m 
JJ      a 


O     P*     O     &         O     < 


EXPER  I.UEXTS   WITH    EXPLOSIVES   USED   IX   MIXF.s.  9 

Ouly  3  ounces  of  blasting  gelatine  were  fired  in  experiment  8,  in  lieu  of  the 
8  ounces  used  of  all  the  other  explosives,  and  strong  protests  were  urged  against 
such  a  trial. 

In  experiments  10,  11,  12,  and  13  the  carbonite  was  removed  from  the  paper 
covering  and  gently  pressed  in  to  fill  the  full  section  of  the  end  of  the  hole,  the 
detonator  being  inserted  and  covered  by  the  last  portions  of  the  charge.  In  experi- 
ment 15,  the  carbonite  was  used,  in  its  paper  cover,  in  the  same  manner  as  the  other 
explosives. 

In  all  cases  the  explosive  was  used  alone,  except  in  experiments  8  and  9,  with 
blasting  gelitine  and  coal  or  No.  2  securite,  which  were  enclosed  in  a  water  cart- 
ridge and  a  damp  chemically  prepared  flannel  bag  respectively.  These  appliances 
may  be  considered  to  represent  a  limited  amount  of  tamping,  and  it  would  be 
interesting  to  ascertain  definitely  the  lengths  of  stemming  necessary  to  prevent  the 
various  explosives  from  igniting  inflammable  mixtures  of  air  and  gas,  with  or 
without  the  addition  of  coal  dust. 

Experiments  10,  11,  and  12  did  not  produce  explosion,  and  were  at  variance  with 
the  result  of  experiment  5,  in  which  the  mixture  of  gas  and  air  was  exploded. 

It  was  suggested  that  some  of  the  explosive  used  in  experiment  1  had  been  left  in 
the  hole,  and  that  its  detonation  had  fired  the  gas.  This  theory  was  proved  to  be 
incorrect  by  experiment  1 3,  in  which  2  ounces  of  bellite  in  paper  case,  with  detonator 
inserted,  was  placed  at  far  end  of  shot  hole,  and  "  stemmed  "  with  8  ounces  of 
loose  carbonite. 

Notwithstanding  that  the  mixture  of  gas  and  air  was  tested  repeatedly  by  a 
safety-lamp,  it  seems  possible  that  it  was  not  in  every  instance  actually  explosive. 
In  experiment  10,  the  coal  dust  appeared  to  have  been  burnt,  and  this  is  confirmed 
by  the  clouds  of  smoke  produced,  possibly  by  its  combustion.  In  experiment  12, 
there  is  a  presumption  from  the  appearance  of  a  cloud  of  dust  that  it  may  have 
been  ignited.  It  seems  possible,  although  not  certain,  that  flame  wras  produced  by 
the  explosive  in  experiments  10  and  12,  and  ignited  coal  dust,  and  as  there  was  no 
violent  explosion  the  absence  of  an  explosive  mixture  of  gas  and  air  may  also  be 
presumed. 

From  the  appearances  of  the  flames  issuing  in  several  of  the  experiments  from 
the  valve  and  end  of  the  boiler,  it  seemed  possible  that  the  few  minutes  allowed  in 
the  experiments  for  the  mixing  of  the  gas  and  air  was  not  sufficient.  The  flames  in 
several  instances  appeared  to  be  that  of  burning  gas,  mixed  with  little  or  no  air. 

If  there  was  a  large  excess  of  air  or  of  gas  in  the  mixture  at  the  parts  traversed 
by  the  flame  of  the  shot  in  any  of  the  experiments,  it  would  be  readily  recognised 
thatian  explosive  might  be  considered  as  safe,  whilst  as  a  matter  of  fact,  it  had  been 
exploiled  in  an  unexplosive  mixture  of  air  or  of  gas. 

In  future  experiments  the  greatest  care  should  be  taken,  in  order  to  ensure  that 
the  gas  and  air  should  be  uniformly  mixed  throughout  the  chamber. 

it  was  recognised  that  explosive  mixtures  of  gas  and  air  might  be  ignited  by  the 
use  of  strong  detonators,  such  as  are  commonly  used  with  "high"  explosives. 
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V. — CONCL1  BIO 

Ii  maybe  concluded  thai  all  of  the  explosives  tried  in  I  rimente  are 

ble  of  igniting  fire-damp  when  fired  unstemmed  in  a  shot  hole.    It  is  probable 

that  Beveral  of  them  possess  some  degr f  safety  when  exploded  Id  presence  oi 

under  ordinary  usage,  thai,  is  to  Hay,  when  exploded,  even  slightly  stemmed,  ii: 

holes. 

Ph<  French  Explosive  Substances  Commission  recommend  thai  the  exp 
should  be  very  carefully  stemmed  at  the  bottom  of  the  shot  hole,  which  should  be  of 
sufficient  depth.  No  empty  space  should  be  left  either  in  front,  behind,  or  on  the 
side  of  the  carl  ridge.  Contact  bet  ween  the  explosive  and  the  Bickford  fuze  should  be 
avoided,  it'  the  detonator  be  fired  by  that  means.  Ii  would  be,  of  course,  prudent  not 
to  tire  shots  where  explosive  mixture-;  of  tire-damp  may  be  present. 


Mr.  YV.  FOGGIN  said  he  would  like  to  ask  whether  the  experiments  reported  had 
been  carried  out  at  the  instigation  of  the  South  Wales  Institute,  or  were  they  merely 
trade  experiments  ?  Mr.  Brown  said  that  No.  18  experiment  was  made  under  the 
impression  that  No.  •*>  experiment  had  not  been  satisfactory,  it  being  considered  pos- 
sible that  some  bellite  had  been  left  unexploded  in  the  shot  hole.  It  appeared  that  in 
three  previous  experiments  only  ten  minutes  had  elapsed  between  each,  but  there 
was  a  twenty  minutes'  interval  before  the  carbonite  was  fired — twice  as  long  as  in 
the  other  cases,  and  he  thought  the  observers  might  have  satisfied  themselves  in  that 
time  as  to  whether  there  was  any  bellite  left  or  not.  In  the  majority  of  cases  the 
interval  between  the  experiments  averaged  ten  minutes.  Did  Mr.  Brown  observe 
during  the  experiments  whether  the  boiler  was  thoroughly  cleared  from  the  gases 
generated  during  the  previous  experiments?  It  was  stated  in  Nos.  5,  10,  11,  and  1:2 
experiments  that  "  carbonite  without  paper  cover  "  was  tested.  Was  that  carbonite 
simply  thrown  loosely  into  the  hole,  or  was  it  stemmed  in  ?  Perhaps  Mr.  Brown 
would  also  explain  how  the  detonator  was  fired  in  these  experiments  .' 

Mr.  W.  C.  Blackett  asked  whether  the  15  experiments  were  made  without 
stemming  throughout ;  if  not,  what  was  the  nature  of  the  stemming  1  and  were  any 
further  experiments  made  as  to  the  effects  of  different  lengths  of  stemming  on  the 
various  explosives  ? 

Mr.  Emerson  Bainbridge  said  he  had  had  the  opportunity  of  being  present  at 
the  experiments  described  by  Mr.  Brown,  and  believed  that  they  were  the  most 
important  experiments  that  had  been  made  with  high  explosives.  Mr.  Brown 
properly  remarked  in  his  notes  that  no  one  would  attempt  to  experiment  with 
blown-out  shots  with  the  charge  unstemmed  in  a  pit.  These  experiments  were,  he 
believed,  initiated  by  the  manager  of  Messrs.  George  Insole  &  Sons'  collieries  with  the 
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idea  that  one  of  the  explosives  was  better  than  the  others.  The  manager  felt  certain 
that  carbonite  would  show  no  flame  whatever  ;  but  when  the  first  trial  with  it  was 
made,  much  to  the  surprise  of  the  manager,  there  was  flame  and  explosion.  He 
was  unaware  of  the  reason  these  experiments  were  made  without  stemming,  but 
it  was  logical  to  consider  that  an  explosive  proved  to  be  safe  without  stemming 
would  be  safe  with  it.  The  result  in  this  instance,  however — whether  it  was  due  or 
not  to  something  foreign  being  in  the  hole,  or  to  the  explosive  containing  a  pro- 
portion of  nitro-glycerine  different  to  that  used  under  ordinary  circumstances — 
was  the  production  of  flame  and  explosion,  and  this,  he  believed,  was  the  first  case 
of  flame  being  shown  by  carbonite,  even  with  an  unstemmed  shot.  He  thought 
that  there  were  four  points  to  be  considered  in  selecting  an  explosive: — Absence  of 
flame;  the  explosive  when  fired  should  not- by  its  resulting  gases  endanger  the  health 
of  the  workmen  ;  the  quantity  of  work  done  in  bringing  down  coal ;  and  the  relative 
cost  of  that  mode  of  bringing  down  coal  as  compared  with  other  means  that 
are  in  use.  These  experiments,  a-  they  had  heard,  were  with  explosives — three 
especially — very  much  in  use,  carbonite,  roburite,  and  securite.  So  far  as  they 
had  gone,  although  interesting,  and  made  with  apparatus  much  more  complete 
than  had  ever  been  used  for  similar  experiments  in  this  country,  they  were  only 
a  beginning.  He  hoped  that  if  the  Committee  of  this  Institute,  which  had 
been  formed  for  the  purpose  of  experimenting  on  explosives,  went  on  with 
ir>  work  immediately,  they  would  arrange  for  a  similar  plant  in  the  North 
of  England,  to  work  in  conjunction  with  natural  gas,  or  they  might  make 
some  arrangement  for  transferring  the  whole  of  the  plant  from  South  Wales 
to  the  North  of  England,  and  try  experiments  with  these  explosives,  under 
conditions  similar  to  those  found  existing  in  a  coal  mine.  There  was  one  comment 
of  Mr.  Brown's,  which  he  would  like  to  ask  that  gentleman  to  reconsider.  In 
No.  10  experiment  it  was  remarked  that  the  coal  dust  "appeared  to  have  been 
been  burnt."  It  seemed  to  be  almost  impossible  that  the  charge  in  No.  10  experi- 
ment could  have  any  relation  to  No.  9,  but  it  was.  at  any  rate,  very  curious,  that 
with  a  quantity  of  only  8  ounces  the  coal  was  burnt,  whilst  another  experiment 
with  12  ounces  of  the  same  explosive  showed  that  the  coal  was  unburnt.  He 
hoped  that  the  results  of  the  experiments  reported  to-day  would  cause  this  Institute 
to  encourage  the  Explosives  Committee  to  get  on  with  their  work  ;  there  was 
nothing  more  important  than  to  find  a  flameless  explosive.  Most  engineers 
in  the  North,  as  they  had  in  the  Midland  Counties,  would  have  instances  in 
which  they  were  working  without  explosives,  because  they  dare  not  use  them, 
not  having  sufficient  confidence  in  any.  If  experiments  showed  that  they  could  rely 
on  any  of  these  explosives  being  perpetually  and  absolutely  safe,  they  would  be 
employed  in  many  mines  where  they  were  not  now  in  use. 

The  Chairman  said  that  the  great  lesson  of  these  experiments  was  that  they 
wanted  more  of  them  ;  they  were  not  sufficient,  so  far  as  they  had  gone,  to  enable 
one  to  form  an  opinion,  and  the  whole  question  required  investigation.     They  were 
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r  as  they  went,  but  it  was  quite  imp  from  them  that 

any  explosive  wa  unsafe.     Mi- own  impressioa  hitherto  had  been  thai  it 

was  impossible  to  have  an  explosion  without  a  flame;  he  was  ool  a  chemist,  but 
if  there  were  any  chemists  present  he  would  be  glad  to  have  their  opinion.  An 
explosion  consisted  in  the  raising  to  a  white  heat,  of  a  certain  amonnt  of  com- 
bustible matter,  sufficient  to  ignite  the  inflamm  the  mine  if  it  reached  it. 
Another  point  he  had  noticed,  and  he  did  not  know  whether  it  was  in  connection 
with  these  experiments  or  some  others  made  recent!  ire  at 
which  gas  became  explosive  when  coal  dust  was  present.  The  temperature  at 
which  coal  dust  took  lire  was.  he  believed,  only  about  one-third  that  of  gas,  con- 
sequently, in  addition  to  i  ,!  dust  was  explosive,  the  mixture  became 
much  more  explosive  with  than  without  coal  dust.  It  would  be  well  for  Mr.  Brown  to 
keep  this  in  mind  in  treating  tins  subject.  These  systems  of  trying  explosives  were 
excellent,  and  they  of  the  Mining  Institute  were  doing  something  in  the  same 
direction,  but  in  order  to  have  some  little  gauge  of  the  matter  himself  he  had 
instituted  a  test  of  his  own.  He  had  not  gone  underground,  where  he  might  be 
blown  up,*nor  had  he  spent  £200  or  6300  in  apparatus  above  ground,  but  he  had 
simply  gone  to  a  quarry  on  a  dark  night  and  bored  holes  2  or  3  feet  deep  into  the 
face  of  the  rock,  and  endeavouring  to  bring  the  circumstances  as  much  as  possible 
in  agreement  with  those  of  the  mine,  had  put  in  some  stemming — as  much  as  lie 
thought  the  explosion  would  throw  off.  The  hole  being  straight  into  the  rock, 
the  explosion  must  blow  the  stemming  straight  out.  and  was  not  in  a  position  to 
blow  the  stone.  It  was  therefore  safe  to  stand  within  a  few  paces  of  the  explo- 
sion to  observe  the  effect.  He  had  experimented  in  this  manner  with  carbonite 
last  week.  These  experiments  had  not  been  carried  so  far  as  to  enable  him  to  say 
anything  of  the  results,  but  they  were  sufficient  to  enable  him  to  judge  of  the 
value  of  an  explosive,  and  he  had  come  to  the  conclusion  that  they  could  not  have 
any  explosive  absolutely  without  flame.  They  might  have  an  explosive  which 
was  safer  than  powder — they  were  all  safer  than  powder — but  there  was  none 
absolutely  safe.  Even  with  the  water-cartridge  there  was  the  risk  of  its  bursting. 
In  his  own  experience,  with  eight  holes — tried  in  the  presence  of  the  representa- 
tives of  the  Dynamite  Co. — no  less  than  five  of  the  cartridges  burst  before  they 
were  fired  ;  consequently,  if  these  were  put  into  the  hands  of  deputies  who  were 
perhaps  not  quite  so  careful  in  using  them,  very  few  of  the  explosions  would  take 
place  under  circumstances  they  would  like.  It  became  exceedingly  problematical 
whether  the  use  of  explosives  v.  in  ordinary  practice,  when  their  use  was 
left  to  deputies  and  others.  Under  these  circumstances  he  was  of  opinion  that  the 
more  they  could  use  coal-wedging  machines  the  better  for  the  coal,  and  if  explo- 
sives must  be  used  for  stone  let  them  ascertain  which  one  was  likely  to  give  the 
best  results.  On  this  matter  they  must  form  their  opinions  from  the  experiments 
which,  were  being  made.  Mr.  Brown  had  gone  very  thoroughly  into  the  subject, 
as  he  always  did,  and  when  that  gentleman  gave  them  his  opinion  they  would  be 
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safe  in  following  his  advice.  It  would  also  be  interesting  to  know  what  explosives 
were  now  used  at  the  various  collieries:  for  his  own  part  he  was  using  roburite, 
and  knew  of  nothing  better,  and  others  were  using  other  kinds  of  explosives.  It 
would  be  well  to  have  their  opinions  on  them,  and  to  ascertain  the  present  practice 
of  the  collieries  in  Durham  and  Northumberland. 

Mr.  M.  WAIiTOK  Bbowx,  replying  to  the  question-  asked,  said  that,  so  far  as  he 
knew,  the  experiments  were  instigated  by  Messrs.  George  Insole  &  Sons  and  their 
manager.  In  experiments  5,  10,  11,  and  12,  the  carbonite  was  placed  loose  in  the 
hole  and  g-ently  pushed  to  the  end ;  and  the  detonator  was  covered  by  the  last 
portions  of  the  charge.  As  mentioned  in  the  paper,  the  dust  was  allowed  to 
accumulate  during  the  first  six  experiments,  except  such  as  might  have  been  blown 
out  by  the  effects  of  the  ignitions.  The  only  cases  in  which  stemming,  or  an 
appliance  resembling  it.  might  be  said  to  have  been  used,  were  :  in  No.  8,  where  the 
blasting  gelatine  was  enveloped  in  a  water-cartridge,  and  in  No.  9,  where  No.  2 
securite  was  placed  in  a  damp,  chemically  prepared  flannel  bag.  These  conditions 
might  be  assumed  to  represent  a  certain  amount  of  stemming.  In  the  other 
experiments  nothing  of  the  nature  of  stemming  was  used.  It  would  be  interesting 
to  have  a  table  of  the  effects  of  various  lengths  of  stemming.  With  regard  to 
experiments  9  and  1 0,  in  neither  of  which  the  explosive  mixture  appeared  to  be 
ignited,  he  might  say  that  the  coal  dust  appeared  to  have  been  burned  in  the  latter 
experiment  :  it  was  swept  out  after  No.  7,  and  appeared  to  have  been  burnt  again 
in  No.  10.  In  experiments  8  and  9  there  was  no  ignition,  and  there  was  no  cloud  of 
dust ;  in  No.  10  there  was  a  cloud  of  dust,  unaccompanied  with  a  violent  report  as  in 
the  other  experiments,  but  the  smoke  seemed  to  be  due  to  the  burnt  coal.  In 
No.  11  the  dust  was  unburnt,  and  there  was  no  cloud  of  dust  or  smoke  ;  in  No.  12 
the  dust  appeared  to  be  unburnt,  but  there  was  a  cloud  of  dust  and  smoke.  He 
was  inclined  to  think  that  when  the  cloud  of  smoke  and  dust  was  seen  the  coal 
had  been  burnt,  although  it  could  not  be  detected. 

Mr.  W.  FOGGIX  did  not  think  that  Mr.  Brown  had  quite  understood  one  of  his 
questions.  In  Nos.  5,  10,  11,  and  12  experiments  carbonite  without  paper  covers 
was  mentioned  ;  -what  did  "without  paper  cover"  mean? 

Mr.  BEOWN  said  that,  in  the  case  of  Nos  5,  10,  11.  and  12  experiments  the  car- 
bonite was  unwrapped.  It  was  t;  ken  out  of  the  paper  cover  and  pressed  in  with 
the  detonator  to  the  end  of  the  hole.  In  experiment  13  it  was  put  in  the  same  way. 
There  was  only  one  experiment  with  carboidte  in  its  paper  cover,  that  was  No.  L5. 

Mr.  FOGG1N  said  his  reason  for  being  particular  on  these  points  was  that  during 
the  last  month  or  two  lie  had  made  nearly  200  experiments  with  a.l  the  explosives 
in  the  market.  His  experience  was  that  they  all  produced  flame  and  exploded  an 
explosive  mixture.  He  used  a  chamber  similar  to  that  used  in  Wales,  prepared 
specially  for  the  purpose  of  his  experiments.  He  found  that  all  the  explosives  pro- 
duced flame  wdren  fired  without  stemming.  He  was  not  previously  aware  that  to 
get  nearer  the  element  of  safety  rhey  had  to  unwrap  the  explosives  and  stem  them 
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into  the  hole.     Ii  appeared  to  him  that  an  exp  I  ind  constituted 

Its  own  stemming,  and  he  would  n  ike  trials  an  condition,     after  arriving 

a<  the  fact  that  none  of  these  wer<  elves  without  Bt  [1  was 

necessary  to  experiment   with  Btemming,  and  commencing  with  ^  inch,  and  trying 
different   Lengths  from  h  inch  to  !•  inches,  he  had  arrived  at  :t  basis  whic  i  Bat 
him  and  at   the  same  time  surprised  him,  with  regard  to  some  of  the  exploc 
He   found  thai   one  or  two  of  the  so-called  flame!  pl<  rives  were  very  lit t  iu 

removed  from  gunpowder.  Could  Mr.  Brown  saj  whether  the  explosives  used  in 
these  experiments  were  supplied  from  the  makers  direct  or  taken  from  the  ordinary- 
supplies  of  a  colliery  using  the  explosive  .'' 

Mr.  Hodgson  asked  if  he  was  correct  in  understanding  that  in  No.  10  experi- 
ment the  coal  dust  was  burnt  and  no  flame  seen  .'  He  would  like  to  know  if  Mr. 
Brown  always  took  it  as  a  test  that  flame  must  be  seen  .' 

Mr.  W.  C.  I'.lackett  said  he  had  the  pleasure  of  witnessing  some  of  Mr.  Fog- 
gin's  experiments,  and  considered  that  bhey  proved  that  all  the  explosives  which 
were  tried,  and  which  included  those  tried  in  Wales,  were  unsafe  when  nnstemmed. 
It  appeared  that  safety  began  to  show  itself  when  a  certain  amount  of  stemming  was 
used,  this  length  forming  a  sort  of  inverse  ratio  of  safety.  It  was  hardly  fair  to 
include  in  a  list  of  this  kind  Nos.  8  and  9  as  not  being  stemmed  ;  Mr.  Brown 
had,  however,  very  fairly  drawn  attention  to  it,  though  it  might  mislead  some  who 
were  not  present  at  the  discussion.  Mr.  Foggin's  experiments  seemed  to  suggest 
that  water  stemming  might  not  render  the  explosive  any  safer  than  an  equal 
amount  of  dry  stemming.  Another  point  which  he  thought  might  be  carefully 
attended  to  by  the  experimenters  in  this  enquiry  was  the  effect  of  accidental  friction 
in  producing  flame,  which,  without  consideration,  might  be  attributed  to  the  explosivi  i 
itself.  He  could  imagine  many  cases  of  experiment  where  small  particles  of  almost 
anything  set  in  motion  by  the  enormous  force  of  the  explosion — a  force  they  were 
not  familiar  with  in  that  respect — and  becoming  heated  by  friction,  might  inflame  a 
mixture  of  lire-damp  and  dust,  and  the  explosive  be  blamed  when  it  had  nothing 
directly  to  do  with  it.  After  Mr.  Foggin's  experiments,  he  (Mr.  Blackett)  was 
allowed  to  take  home  some  of  the  explosives  used.  He  took  them  into  the  pit,  and 
placed  them  in  the  hands  of  some  of  the  men  accustomed  to  using  .roburite.  He 
found  that  some  of  the  new  explosives  were  liked  much  better  than  roburite.  In 
the  case  of  ammonite  the  fumes  were  less  offensive  to  the  men,  who  were  accustomed 
to  roburite,  and  the  power  was  slightly  greater.  Carbonite  was  another  of  the 
explosives  tried  ;  it  was  liked  as  well  as  roburite,  but  the  men  came  to  the  con- 
clusion that  it  was  slightly  weaker  though  the  fumes  were  less  objectionable.  He 
had  the  report  of  these  men — stonemen — in  his  possession  ;  they  had  not  t  lie  slight  est 
idea  what  the  new  explosives  were;  these  were  simply  given  to  them  to  try,  and 
they  gave  an  opinion  without  any  prejudice  whatever. 

The  Chaikman  asked  Mr.  Foggin  as  to  how  his  experiments  were  made  'I 

Mr.  Foggin — Exactly  the  same  as  those  described  by  Mr.  Brown. 
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Prof.  Merivale  suggested  that  Mr.  Foggin  should  define  more  clearly  how  he 
made  the  experiments.     Was  natural  gas  or  coal  gas  used  ? 

Mr.  Foggin  said  that  coal  gas  was  used.  They  had  a  blower  of  natural  gas  at 
the  colliery,  but  unfortunately  it  fluctuated  so  very  much,  and  to  have  carried  out 
such  a  series  of  experiments  as  he  had  made  would  have  occupied  twelve  months  if 
he  had  waited  for  the  natural  gas  ;  he  therefore  procured  a  supply  of  coal  gas. 

Prof.  Meeivale — Then,  so  far  as  you  know,  it  is  only  in  the  case  of  coal  gas 
that  these  explosives  fire  ? 

Mr.  Foggin — Yes. 

Mr.  Brown  said,  from  the  appearance  of  the  flame  in  several  cases,  he  was  of 
opinion  that  the  few  minutes  allowed  in  these  experiments  were  not  sufficient  to 
ensure  the  gas  being  thoroughly  mixed  with  the  air.  The  flames  seen  in  several 
cases  were  probably  the  burning  gas.  The  whole  of  the  explosives  used  in  the 
experiments  (so  he  had  been  informed)  were  supplied  by  colliery  managers  using 
them,  and  in  the  case  of  carbonite  he  presumed  it  was  taken  from  the  ordinary 
supply  used  at  Cymmer  Colliery.  Mr.  Hodgson  asked  if  coal  dust  was  burnt  and 
no  flame  seen.  In  his  (Mr.  Brown's)  opinion  they  could  not  depend  upon  their  eyes 
as  to  seeing  flames,  and  should  therefore  resort  to  some  chemical  means,  or,  as  was 
suggested  by  No.  9,  to  the  use  of  small  animals,  or  they  might  resort  to  sensitive 
photographic  plates.  The  latter  could  be  used  in  the  mine  in  a  case  covered  by  a 
slide  fitted  with  openings,  say  ^  inch  diameter,  and  exposed  to  the  flame  of  the  shot. 
If  the  paper  exposed  through  the  openings  was  fogged  on  development  in  the 
slightest  degree,  it  would  show  that  the  explosion  had  produced  a  photogenic  flame  ; 
and  if  the  space  outside  of  the  exposed  openings  was  clear  when  developed,  it  would 
prove  more  certainly  that  the  fog  had  been  produced  entirely  by  the  flame  of  the 
explosive. 

The  Chaieman  said  the  discussion  would  be  adjourned  until  Mr.  Brown's  paper 
was  printed  and  issued  to  the  members,  when  he  hoped  they  would  be  prepared 
with  a  little  more  information.  He  moved  a  hearty  vote  of  thanks  to  Mr.  Brown 
for  his  valuable  paper,  and  he  suggested  that  they  should  also  include  Mr.  Bain- 
bridge,  who  had  come  from  Sheffield,  and  Mr.  Foggin. 

r 

The  vote  of  thanks  was  carried  with  acclamation. 


DISCUSSION  ON  MR.  JOHN  TAYLOR'S  PAPER  ON  "ELSOM'S  IMPROVED 
METHOD  OF  LIGHTING  MINERS'  SAFETY-LAMPS  WHILE  LOCKED." 

The  Secretary  stated  that  Mr.  John  Taylor  was  to  have  described  ■'  Elsom's 
Patent  for  Lighting  Miners  Safety-Lamps  when  Locked;"  that  gentleman,  how- 
ever, who  was  to  have  been  in  Newcastle  at  twelve  o'clock  had  not  yet  arrived. 
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Mr.  BAINBBIDGE  said  the  lamp  ami  apparatus  was  the  same  as  that  exhibited 
at  the  Nottingham  meeting.  By  means  of  a  sketch  on  the  blackboard,  he  explained 
the  principle  of  the  invention.  A  rod  is  fitted  into  the  lamp  bottom,  capable  of 
holding  two  shorl  matches,  which,  when  required,  can  be  turned  round,  one  al  a 
time  towards  a  roughened  plate  attached  to  the  side  of  the  wick  tube,  and  ignited  on 
the  roughened  surface,  by  moving  the  rod  upwards  and  downwards.  It  was  so 
arranged  thai  the  lamp  could  be  relit  twice.  At  the  Nottingham  meeting, howi  \<  r, 
it  was  considered  undesirable  in  fiery  mines  thai  a  man  should  be  enabled  to  relight 
his  lamp. 

The  meeting  then  terminated. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND   MECHANICAL 

ENGINEERS. 


GENERAL     MEETING, 

Held  iw  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

December  13th,  1890. 


Mr.  George  Baker  Forster.  Past-President,  in  the  Chair. 


The  Secretary  read  the  minutes  of  the  last  meeting. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  : — 

Members — 
Mr.  James  Burn,  Mechanical  Engineer,  etc.,  28,  Fawcett  Street,  Sunderland. 
Mr.  William  Rochester,  Colliery  Manager,  River  View,  Blaydon-upon-Tyne. 
Mr.  Francis  H.  Spencer,  Mining  Engineer,  Robinson  Gold  Mining  Company, 

Witwatersrand,  South  Africa. 
Mr.  Hugh  Waddle,  Mechanical  Engineer,  Llanmore  Iron  Works,  Llanelly, 

South  Wales. 

Associate — 
Mr.  William  Stephenson,  Under  Manager,  Garesfield  Colliery,  Lintz  Green. 


The  following  gentlemen  were  nominated  for  election  : — 

Member — 
Mr.  Louis  Irving  Seymour,  Mechanical  Engineer,  Chief  Mechanical  Engineer, 
De  Beers  Consolidated  Mines,  Limited,  Kimberley,  South  Africa. 

Students — 
Mr.  Nicholas  John  Bitzos,  Mining  Apprentice,  Broomhill  Colliery,  Acklington. 
Mr.  George  Chrisostom  Zumbuloglon,  Mining  Apprentice,  Broomhill  Colliery, 
Acklingrton. 


Mr.  David  Burns,  C.E.,  F.G.S.,  read  the  following  paper  on  "The  Bending  of 
Beds  near  Veins": — 
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ON  THE  BENDING  OF  BEDS  NEAR  VEINS. 
By  David  Burns,  C.E.,  F.O.s. 

The  origin  of  mineral  veins,  and  the  sources  and  method  of  arrangement  of  their 
contents. are  still  subjects  shrouded  in  considerable  obscurity.    The  presenl  papi 

an  effort  to  glean  from  the  strata  in  which  veins  occur  some  fragments  of  knowl 
of  the  physical  conditions  under  winch  they  were  formed.  When  veins  traverse 
beds  of  varying  resistance  and  of  moderate  thickness,  as  they  frequently  do  in  the 
North  of  England,  the  strata  are  thrust  upwards  or  downwards,  more  or  less,  on 
one  or  both  sides,  as  they  approach  the  vein,  and  especially  in  its  immediate 
vicinity.  The  well-known  alternations  of  the  north  country  Lead-measures  allow 
such  disturbances  to  be  accurately  noted,  although,  unfortunately,  not  being  of 
commercial  importance,  there  is  not  as  much  exact  knowledge  of  the  behaviour  of 
strata,  near  to  even  well-known  veins,  as  might  be  desirable  ;  but  there  is  sufficient 
for  a  general  treatment  of  the  subject,  and  if  once  its  importance  is  fully  appre- 
ciated, accurate  observations  will  multiply. 

Fig.  1,  Plate  VI.,  is  an  instance  of  disturbance  of  a  very  simple  character. 
The  strata  are  only  disturbed  very  locally,  and  that  along  the  line  of  the 
fault.  There  has  been  upward  fluid  pressure  of  a  very  contracted  but  intense 
character,  which  has  been  able  to  force  itself  through  the  strata  and  so  to  escape. 
Such  a  vein  is  an  elongated  crater,  and  the  mineral  left  in  it  but  the  sweepings  of  a 
chimney,  so  to  speak,  that  once  reeked  with  riches.  The  formation  of  the  arch 
might  give  a  little  relief  laterally  to  subsiding  strata,  and  might  be,  to  some  extent, 
a  wrinkle  caused  by  increasing  horizontal  thrust.  Nor  is  this  a  condition  to  be 
ignored.  If  a  stratum  be  taken  100  miles  long,  lying  perfectly  horizontal,  and  sup- 
pose it  to  be  depressed  one  mile — a  small  change  of  level  in  comparison  with 
those  frequently  assumed  by  geologists — and  the  radius  of  the  earth  being  reckoned 
at  3,962  miles,  then  3,962  miles  :  3,961  miles  ; ;  100  miles  ;  99-974  miles;  that  is, 
this  length  of  strata  will  have  '026  miles  or  45f  yards  less  room  in  which  to  lie,  and 
it  must,  therefore,  be  inclined  at  an  angle  of  1°  IT,  or  be  crumpled  up  to  the  extent 
of  45$  yards  per  100  miles.  There  can  be  little  doubt  that  the  shrinking  of  the 
earth's  radius,  and  the  dip  of  sedimentary  strata,  are  mutually  accommodating  con- 
ditions. If  an  accurate  horizontal  section  of  any  particular  sedimentary  bed  in,  say, 
the  Carboniferous  formation,  could  be  made  in  any  direct  line  for  100  miles,  and 
the  total  length  of  the  pieces  so  measured  were  taken,  then  their  sum  would  exceed 
100  miles,  in  the  same  proportion  as  the  diameter  of  the  earth,  at  the  close  of  the 
Carboniferous  period,  exceeded  its  present  diameter.  This  estimate  would  probably 
be  under  the  truth,  owing  to  increasing  density  of  the  rock  with  time  and  pressure, 
and,  it  might,  be,  to  the  secular  cooling  of  even  the  most  superficial  strata  of  the 
earth,  since  Carboniferous  times. 

Fig.  2,  Plate  VI.,  represents  the  cross  section  of  a  fault,  showing  what  will 
usually  be  considered  the  normal  hade  and  the  usual  flexure  of  the  strata.     The 
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foundations  of  B  are  supposed  to  have  given  way  somehow  while  A  stood  fast,  and 
so  a  break  occurred,  and  the  B  section  slid  down  along  the  face  of  the  A  section 
dragging  down,  by  sheer  friction,  the  edges  of  the  strata  a,  b,  c,  on  the  A  side,  and 
dragging  up,  by  the  same  agency,  those  strata  on  the  B  side.  Such  is  the  aspect 
most  frequently  presented  by  faults,  and  such  is  the  explanation  put  forth.  Now, 
if  the  strata  B  were  free  to  move  horizontally  in  the  direction  C,  this  explanation 
might  be  considered  fairly  satisfactory ;  but  they  are  not.  As  already  seen,  the  strata, 
by  getting  nearer  the  earth's  centre,  get  into  more  contracted  quarters,  but,  ignoring 
this  circumstance,  as  being  of  little  effect  in  the  case  of  faults  of  moderate  throw,  the 
hade  makes  a  vertical  motion  of  the  strata  B  impossible.  Indeed,  if  B  were  to  fall 
down  vertically,  simply  by  reason  of  its  weight,  the  hade  of  the  fault  would  be  in- 
stantly reversed,  and  a  fault  like  that  shown  in  Fig.  5,  Plate  VI.,  would  be  the 
consequence,  the  rising  beds  in  A,  or  the  falling  beds  in  B,  finding  relief  from  horizontal 
thrust  by  sliding  on  each  other  in  the  manner  indicated,  it  will  be  noticed  that 
each  stratum  a,  b,  and  c  overlaps  its  continuation  on  the  other  side  of  the  fault,  that 
is,  a  and  a',  b  and  b',  c  and  &  severally  overlap  each  other.  But,  instead  of  supposing 
B  to  fall  down  vertically,  let  us  suppose  it  continues  to  be  supported  at  the  point  C 
(Fig.  2,  Plate  VI.).  A  is  stationary  as  before,  and  now,  if  the  foundations  of  B  give 
way,  the  strata  B  will  fall  down,  revolving  roughly  round  a  centre,  C,  and  tracing 
arcs  to  which  the  fault  will  be  tangential.  According  to  this  view,  the  mass  B 
would,  at  the  time  the  fault  was  forming,  partake  of  the  nature  of  a  floating  body, 
and  of  the  descending  ram  of  an  hydraulic  engine.  The  yielding  fluid  under  B 
need  not  have  escaped  through  the  fault  shown.  It  may  have  been  forced  from  one 
underground  chamber  to  another,  and  hence  to  the  day.  The  writer  has  frequently 
found,  and  believes  it  to  be  a  rule  to  which  there  are  but  few  exceptions,  that  whereas 
on  one  side  of  a  considerable  fault  the  strata  are  pretty  sound,  on  the  other  side  they 
are  broken  up  by  minor  and  often  parallel  faults,  and  otherwise  bent  and  distorted. 
The  side  so  broken  is  the  one  that  has  tottered  on  the  abyss  of  chaos,  and  the  one 
within  which  metalliferous  riches  may  be  most  confidently  expected. 

But  although  the  hade  shown  in  Fig.  2,  Plate  VI.,  is  general,  it  is  not  the 
invariable  rule,  as  the  hade  is  sometimes  observed  reversed  as  in  Fig.  5,  Plate  VI. 
Indeed,  the  writer  believes  the  latter  figure  represents  more  correctly  than  any  of 
the  others  a  fault  pure  and  simple,  namely,  a  dislocation  between  two  neighbouring 
areas,  caused  by  a  difference  of  upward  pressure  in  these  areas  giving  rise  to  a 
relatively  vertical  motion,  as  influenced  by  the  disturbing  forces,  and  a  relatively 
horizontal  motion,  to  make  room  for  the  fault,  and  it  might  be  horizontal  thrust 
experienced  independent  of  the  disturbance  which  gave  rise  to  the  fault. 

But  there  is  still  another  variety  of  vein  which,  as  far  as  I  am  aware,  has  been 
a  puzzle  to  geologists  up  to  the  present  time.  It  is  shown  in  Fig.  3,  Plate  VI.  The 
peculiarity  is  that  on  the  downthrow  side  the  beds  dip  to  the  fault,  and  on  the 
upthrow  side  rise  to  the  fault.  This  clearly  could  not  be  the  result  of  friction, 
for  as  has  been  already  seen,  the  rubbing  causes  flexures  in  the  opposite  directions. 
It  has  been  undeniably  due  to  intense  local  pressure.     Let  us  suppose  a  crystalline 
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st  rat  urn  as  c  in  Fig.  4,  Plate  VI.,  and  that  it  is  assailed  from  below  by  intense  fluid 
pressure.  This  fluid  ultimately  breaks  a  across,  and  the  probability  is  that  the 
fracture  will  not  be  quite  vertical.  Let  us  suppose  it  takes  the  direction  of  the  line 
om.  The  fluid  then  insinuates  itself  into  the  crack,  and  as  all  fluid  pressure  is 
normal  to  the  surface  on  which  it  acts,  forces,  represented  by  the  arrows,  come 
into  play,  and  as  a  result  the  stratum  on  the  side  A  is  thrust  up,  and  on  B  it  is 
thrust  down  into  the  form  shown  by  the  dotted  lines  in  the  figure.  If  now  we 
suppose  the  crystalline  bed  c  to  be  followed  by  a  thinly  laminated  bed  of  shale  (b) 
this  would  naturally  tear  in  the  direction  of  pressure  put  upon  it  by  the  upward 
rising  edge  of  c,  namely,  in  the  line  mt,  and  each  lamina  would  communicate  its 
pressure  to  the  next,  a  little  to  the  left  of  the  point  at  which  it  received  it.  Pro- 
bably at  this  stage  the  shale  on  the  B  side  would  also  be  thrust  upwards  against 
the  next  resisting  bed ;  but  no  sooner  would  the  fluid  reach  the  next  strong  and 
resisting  stratum  a  than  a  fracture  would  be  created  in  somewhat  the  direction  m  o, 
and  the  same  sequence  of  events  would  be  repeated,  a  would  now  thrust  down  the 
soft  and  yielding  shale,  thereby  breaking  it  up  and  forming  the  "  donk,"  which 
now  characterises  veins  within  it,  and  going  far  to  close  the  vein  at  this  point. 

The  succession  of  strata  put  in  the  diagrams  is  that  most  usual  in  the  Lead- 
measures  of  the  north,  and  it  explains  several  oft-observed  features  in  the  veins 
therein. 

If  this  explanation  be  a  true  one  it  becomes  no  mystery  why  veins  sometimes 
take  a  run  along  the  top  of  a  hard  bed,  as  along  the  top  of  e  towards  B,  as  the 
crushing  down  of  c  would  almost  invite  it  in  that  direction.  But  probably  the 
rush  of  the  fluid  through  these  strata  was  nearly  instantaneous,  and  in  the 
majority  of  cases  the  flow  would  continue  in  the  main  in  the  direction  once 
instituted. 

It  is  found  in  these  veins  that  they  are  nearest  the  vertical  in  the  hard  beds,  as 
limestone  and  sandstone,  and  nearest  the  horizontal  in  the  shales.  This  is  what 
would  naturally  occur  in  a  vein  as  supposed.  In  repeated  attempts  to  shear  sealing- 
wax  by  applying,  as  it  were,  force  upwards  at  A  and  downwards  at  B,  the  writer  found 
that  in  at  least  two-thirds  of  the  cases  the  fracture  inclined  slightly  in  the  direction 
of  m  o,  thus  tending  to  confirm  this  hypothesis,  and  refute  the  theory  that  the  hade 
and  throw  of  veins  is  due  to  a  direct  thrust  upwards  or  downwards  on  either  hand. 
The  pressure  on  the  walls  of  these  veins  would  practically  be  uniform  throughout, 
and  hence  the  shales  would  be  subjected  to  the  same  pressui'e  as  the  limestones. 
But  it  would  be  the  more  crystalline  rocks  that  would  present  the  distinct  sloping 
fracture  necessary  to  give  rise  to  the  twisting  action,  and  hence  there  would  be  a 
tendency  for  each  hard  bed  to  crush  back  the  yielding  shale  below  it,  and,  to  a 
certain  extent,  close  the  vein  at  that  point,  the  fluid  contents  readily  accommodating 
themselves,  even  when  under  enormous  pressure,  to  the  various  resistances  of  the 
different  strata.  This  is  one  reason  at  least  why  in  the  limestone  we  find  the  veins 
widest  and  the  minerals  most  plentiful,  and  in  the  shales  the  veins  narrowest  and 
poorest.  Whereas  the  fault  with  the  reversed  hade  is  the  true  fault,  so  the  vein 
in  the  strata  with  reversed  bends  is  the  truest  mineral  vein. 
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The  writer  has  noticed  in  plotting  horizontal  sections  that  much  of  the  reported 
throw  of  veins  was  compensated  for  by  the  flexures  in  the  strata,  and  that,  taking  two 
points  some  distance  away  from  the  vein  on  either  side,  the  strata  were  in  the  same 
plane,  either  level  or  that  of  the  ordinary  dip  of  the  country,  as  they  would  have 
been  had  there  been  no  veins  at  all. 

That  molten  or  gaseous  minerals  have  escaped  to  be  condensed  in  the  air,  or  in 
an  overlying  ocean,  seems  to  be  proved  by  the  deposits  worked  at  Commern  in 
Rhenish  Prussia,  and  at  other  points  in  Germany  and  elsewhere. 

The  presence  of  galena  and  other  mineral  matter  disseminated  through  the  rocks 
has  been  considered  evidence  that  veins  have  derived  their  contents  by  infiltration 
from  the  country  rock,  but  it  may  with  equal  probability  be  taken  as  evidence  of 
the  escape  of  mineral  matter  at  the  time  of  the  formation  of  some  other  vein  and  of 
the  rocks  in  question. 

In  the  thick  limestones  of  the  North  of  England  horizontal  layers  of  mineral 
occasionally  lie  alongside  of  the  veins,  and  are  known  as  "  flats."  These  would  most 
naturally  occur  on  the  downthrow  side  of  such  veins  as  have  the  reversed  flexure, 
as  on  that  side  the  partings  between  the  posts  of  the  limestone  would  be  opened  and 
more  likely  to  catch  the  upward  rush  of  mineral. 

The  peculiar  value  of  the  phenomena  presented  in  Fig.  3,  Plate  VI.,  is  that  there 
is  no  ambiguity  as  to  the  cause  of  the  bending  of  the  strata.  In  most  speculations 
as  to  the  origin  of  veins,  we  have  generally  two  or  more  theories  which  account 
with  almost  equal  probability  for  them.  In  this  case,  however,  there  is  a  series  of 
veins  that  were  formed  by  a  fluid  of  some  kind  bursting  upward  under  immense  pres- 
sure, and  which  could  not  have  been  formed  in  any  other  way.  There  may  have  been  in 
many  cases  subsequent  dislocations  along  this  line  of  fracture  altering  the  throw  and 
complicating  the  phenomena,  but  where  the  flexure  shown  in  Fig.  3,  Plate  VI., 
now  exists,  or  can  be  shown  to  have  existed,  the  vein  has  been  formed  by  the 
upward  intrusion  through  the  strata  of  some  fluid  substance  under  enormous 
pressure.  Whether  the  fluid  was  a  gas  or  a  liquid  the  writer  is  aware  of  no  evidence 
to  show.  But  one  or  other,  or  both,  must  have  been  there.  Moreover,  these  fluids 
have  not  been  free  to  rush  to  the  outer  air  or  ocean  as  they  probably  were  in  the 
cases  illustrated  by  Fig.  1,  Plate  VI.,  but  have  been  confined  so  long  as  to  distort  the 
strata,  as  shown  in  Fig.  3,  Plate  VI.,  and  seal  them  in  that  position.  They  may 
have  escaped  later  and  been  replaced  by  other  miueral  matter.  But  since  there  is 
conclusive  evidence  of  foreign  matter  having  been  thrust  up  through  the  strata,  and 
that  there  is  found  in  these  veins  such  matter  distributed  very  much  as  would  be 
expected  from  the  causes  shown,  it  is  difficult  to  avoid  the  conclusion  that  in  these 
veins,  at  least,  the  theory  of  sublimation  is  absolutely  proved. 


Professor  Lebour  said  there  was  one  point  on  which  he  would  like  to  ask  Mr. 
Burns's  opinion  ;  it  was  in  regard  to  the  dip  of  beds  towards  "  necks  "  or  "  traps." 
The  same  thing  occurred  in  the  case  of  whin  dykes,  the  dip  being  towards  them,  and 
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not  away  from  them  as  one  might  have  imagined  if  the  veins  had  been  formed  la- 
the rising  of  liquid  matter  from  below.  This  was  not  the  same  thing  as  Mr.  Burns 
referred  to;  he  mentioned  veins  filled  in  a  different  manner,  but  this  applied  to 
faults  filled  with  igneous  rocks,  and  in  that  case  il  was  imagined  thai  the  bending 
towards  the  igneous  matter  was  caused  by  the  dragging  down,  or  cooling,  or  pro- 
bably after  the  intrusion  of  the  matter.  It  was  interesting  to  point  out  thai  the 
fust  time  this  was  noticed  in  print  was  by  Mr.  Arthur  Balfour,  in  the  Geological 
Magazine. 

Mr.  D.  BURNS  said  he  was  not  previously  aware  of  this  phenomenon;  he  had  never 
noticed  it,  and  was  rather  at  a  loss  to  account  for  it.  It  occurred  to  him,  on  the 
spur  of  the  moment,  that  it  might  have  been  caused  by  the  upheaval  of  the  whole 
country,  so  to  speak,  the  stratified  beds  only  being  upheaved  while  the  otl 
remained  stationary.  If  the  whole  country  was  being  raised  up,  a  trap  resting  on 
a  foundation  which  was  not  raised  at  all  might  cause  this  bending. 

Mr.  Thos.  Bell  (H.M.  Inspector  of  Mines) — In  what  part  of  the  country  do 
you  find  that  dipping  of  the  seams  1 

Professor  Lebour  said  the  particular  neck  he  was  speaking  of  was  on  the  Hadding- 
tonshire coast  near  Dunbar  ;  but  he  had  seen  the  phenomenon  at  whin  dykes  in  a  few 
places  in  Northumberland.  For  instance,  in  the  three  dykes  near  the  North  Tyne 
up  the  Borswick  Burn  it  is  shown  very  distinctly. 

Mr.  Thos.  Bell  said  he  had  traced  the  whin  dyke  from  Shotton  Colliery  as  far 
as  Middleton-in-Teesdale,  and  he  had  not  found  anything  of  the  kind  indicated  by 
Prof.  Lebour.  He  had  worked  up  to  it  in  perhaps  a  dozen  places  at  Thornley,  Cassop, 
Shincliffe,  and  Houghall,  and  in  all  cases  the  beds  were  perfectly  level. 

Mr.  Bailes  said  that  at  North  Fenham  Colliery  there  was  a  distinct  dip  of  the 
beds  on  each  side  of  the  whin  dyke,  and  this  dip  to  the  dyke  was  very  distinctly 
visible. 

The  Chairman  proposed  a  vote  of  thanks  to  Mr.  Burns  for  his  very  interesting 
paper.  Without  altogether  agreeing  with  all  the  views  expressed,  and  which  were 
no  doubt  perfectly  correct  as  regards  the  lead-mining  districts,  he  thought  they 
must  look  in  the  coal-mining  district  for  a  different  explanation.  As  a  general  rule 
their  faults  were  like  Fig.  3  on  Plate  VI.,  rising  to  a  dip  trouble  and  dipping  to  a 
rise  trouble,  and  as  the  faults  were  sometimes  "risers"  and  sometimes  "dippers," 
they  must  look  for  some  more  general  disturbance  than  a  fluid  acting  in  the  fissure. 

Mr.  J.  B.  Simpson  seconded  the  vote  of  thanks,  ami  it  was  cordially  adopted. 

Mr.  D.  Burns  acknowledged  the  compliment,  and  thanked  the  members  for  the 
very  patient  hearing  which  they  had  given  him.  He  was  sorry  the  paper  did  not 
cover  the  whole  of  the  ground  ;  there  were  still  many  points  to  be  considered. 


The  following  paper  by  Mr.  Edward  Halse  on  "  Some  Banket  Deposits  of  the 
Gold  Coast,  West  Africa,"  was  taken  as  read  : — 
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SOME  BANKET  DEPOSITS  OF  THE  GOLD  COAST.  WEST  AFRICA. 
P.v  Edward  Halse.  A.R.S.M. 

The  auriferous  conglomerate  or  banket  deposits,  discovered  in  South  Africa  only 
a  few  years  ago.  are  by  this  time  fairly  •well  known.*  while  concerning  those  of  West 
Africa,  which  have  most  probably  been  worked  by  the  natives  for  about  two 
centuries,  little  has  been  written,f  and  in  this  paper  an  account  will  be  given  of 
several  banket  deposits  which  the  writer  has  lately  had  an  opportunity  of  examining 
on  the  Gold  Coast. 

The  word  banket  (in  Dutch  =  sweetmeats,  hence  almond  toffy)  can.  strictly  speak- 
ing, be  applied  to  any  conglomerate,  whether  auriferous  or  not,  and  is  practically 
equivalent  to  "  pudding-stone,'" ;:  cement  "  (Australia),  and  i{  blue  lead  "  (California). 
Mr.  Brough  Smyth  describes  cement  as  "a  stratum  of  very  ferruginous  conglomerate, 
composed  of  rounded  pebbles  of  quartz,  angular  fragments  of  the  same  rock,  and 
small  pieces  of  schist,'"!  which,  in  some  districts,  is  highly  auriferous,  and  worked 
at  a  profit.  But  the  gisement  of  the  banket  reefs  is  entirely  different  from  that  of 
the  so-called  cement  or  blue  lead,  for  whereas  the  former,  usually  of  primary  age,§ 
are  found  interstratified  with  other  contemporaneous  rocks  of  a  quartzitic  character 
the  latter  belongs  to  "deep  lead'*  or  ancient  Tertiary  alluvial  deposits,  filling  valleys 
and  hollows  or  "  gutters,"  preserved  from  destruction  by  layers  of  basalt,  and 
usually  lying  unconformably  on  the  much  older  bed-rock.  The  cement  is  found 
below  the  wash-dirt,  "  overlying  the  bed-rock — in  some  places  touching  it,  and  in 
others  a  few  inches  or  a  few  feet  above  it "'  (Brough  Smyth).  Cement  has  also 
been  found  to  occur  in  recent  alluvial  dep<  - 

The  term  banket-reef  is  misleading,  as  it  is  suggestive  of  a  true  fissure-vein ;  it 
would  be  better  to  call  that  class  of  deposit  a  banket  bed  or  seam.  Knochenhauer 
— ■•  Die  de  Kaap  Biffs  sind  Lagergaage."j|  and,  indeed,  the  equivalent  bedded- 
vein  is  more  applicable  to  the  quartzite  reefs  of  De  Kaap,  and  bankets  of 
Witwatersrand  than  to  the  conglomerates  of  the  Gold  Coast :  for,  as  we  shall  see 
the  gold  of  the  former  has  been  deposited  subsequently  to,  and  of  the  latter  con- 
temporaneously with,  the  bed  in  which  it  occurs. 

*  See  C.  L.  Alford,  F.G.S.,  in  the  Mining  Journal,  Oct.  5,  1889,  republished  in  pamphlet  form ;  A..  R. 
Sawyer,  Trans.  Hf.  Staff.  Inst.  Min.  and  Mechl.  En'irs.,  Vol.  X.  ;  the  Engineering  and  Mining  Journal, 
E.  B.  Dorsey,  July  20,  1389,  J.  S.  Curtis,  Feb.  5,  1890;  B.  Knochenhauer,  Die  Gold/elder  im  Transvaal, 
Berlin.  1890.  For  the  conglomerates  of  the  De  Kaap  districts,  see  C.  L.  Alford,  Mining  Journal,  April  27, 
1889;  W.  H.  Furlonge,  Trans.  Am.  Inst.  Min  Shots.,  1S90  (Abstract in  Engineering  and  Mining  Journal, 
March  8,  1890). 

■fee  Skertchly;  Journ.  Roy.  Geogr.  8oc,  Vol.  48,  pp.  274-283;  Cameron.  "The  Gold  Fields  of  West 
Africa,"  and  Burton,  "  Gold  on  the  Gold  Coast,"  in  Journ.  Soc.  Arts.  Vol.  30,  1882,  also  op.  cit.  below  ;  E. 
McCarthy.  Mining  Journal,  July  1,  1882,  and  P.  Dahse  in  Deutsche  Geographische  Blatter.  1882. 

t  The  Gold  Fieldsand  Mineral  Resourcesof  Victoria,  1869,  pp.  352-354;  see  also  J.  Arthur  Phillips,  F.R.S., 
A  Treattm  onfjr'  Deposits,  1S84,  pp.  458-9,  and  Lock's  two  volumes  on  Gold.  Compare  C.  Waldeyer  in  R.  W. 
Raymond's  Mining  Industry    .    .    .     West  of  the  Rocky  Mountains,  1874.  chap.  xi. 

§  Auriferous  conglomerate  of  Cambrian  age  is  found  in  the  Black  Hills,  Dakota,  of  Siluro-Devonian  age 
in  New  South  Wales,  of  Devonian  age  at  Witwatersrand,  of  Carboniferous  age  at  Bess£ges,  in  Languedoc, 
in  New  South  Wales,  Tasmania,  and  New  Zealand,  and  of  Permian  age  in  New  South  Wales,  while  "gold 
has  been  recently  discovered  in  the  marine  conglomerate  and  shale  beds,  which  are  believed  to  be  of  Cre- 
taceous age,  and  which  rest  upon  the  flanks  of  the  Silurian,  Devonian,  and  granite  formations  in  the 
Mount  Brown  or  Albert  Gold  Fields."  Catalogue  of  Exhibition,  New  South  Walts  Court,  Mining  and 
Metallurgical  Exhibition.  Crystal  Palace.  1890. 
Op.  cit. 
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The  chief  minea  of  the  Gold  Goa  nated  in  the  Wassaw  country,  between 

4°  50'  to  5°  30'  N.  hit.  and  1°  50'  to  2°  2.V  \\\  long.,  comparatively  near  the  banks  of 
the  Ancobra  River,  which,  running  in  a  general  north  and  south  direction,  falls  into 
the  sea  a  little  west  of  Axim.  Leaving  recenl  alluvial  deposits  out  of  account, 
the  mineral  deposits  of  the  district  may  be  divided  into  two  classes: — 

(1)  Gold  quartz  fissure-veins  traversing  schist,  and 

(2)  Bedded  alluvial  deposits  enclosed  in  sandstone. 

The  latter  are  said  to  lie  unconform  ibly  on  the  former  (E.  McCarthy),  and  are, 
therefore,  of  more  recent  date,  and  while  (1),  as  a  rule,  occur  west  of  the  Ancobra, 
(2)  are  found  to  the  east  of  that  river.  Among  the  exceptions  are  the  auriferous 
quartz  vein,  marked  by  M.  Bonnat,*  on  the  east  bank,  a  little  north  of  Tumento, 
and  those  existing  on  the  west  bank  of  Prince's  River,f  and  which,  according  to  a 
French  map,  published  in  1750,  was  formerly  called  "Gold  River  "by  the  Portuguese. 
In  point  of  fact,  the  whole  country  is  so  densely  covered  with  bush  that  hitherto 
comparatively  few  mines  have  been  discovered,  and  for  the  same  reason  the  geology 
of  the  country  has  still  to  be  worked  out. 

The  mines  about  to  be  described  are  from  41  to  56  statute  miles  in  an  air-line 
from  Axim. |  and,  travelling  by  river  and  bush,  60  miles  must  be  traversed  to  reach 
the  centre  of  the  group.  Proceeding  in  a  hammock  to  the  mouth  of  the  Ancobra, 
one  ascends  the  river  in  a  steam  launch,  canoe,  or  surf-boat  as  far  as  Tumento  on 
the  left  bank,  and  thence  by  hammock  along  a  bush  track  to  the  mines,  the  chief  of 
which  are  about  22  miles  from  the  river  side.  The  writer  left  Axim  in  a  surf-boat, 
manned  by  14  Kroomen  using  paddles,  and,  crossing  the  bar.  arrived  at  Bonsa 
station  on  the  Bonsa  River,  in  a  little  over  two  days'  time,  travelling  mostljr  by 
moonlight,  and  being  often  lulled  to  sleep  by  the  peculiar  and  monotonous  chanting 
of  the  Kroomen.  Soon  after  ascending  the  river,  and  having  passed  the  dense 
mangrove  swamps,  one  is  struck  by  the  great  height  of  some  of  the  trees,  and  by 
the  marvellous  wealth  of  tropical  vegetation  lining  the  banks  of  the  river.  At 
night,  when  the  highest  tree-tops  are  obscured  in  white  mist,  and  the  moon  casts 
but  a  pale  and  sickly  light  over  all,  the  scene  is  weird  in  the  extreme,  and  is  not 
likely  to  fade  soon  from  the  memory  of  the  beholder. 

Topography. 

Commander  Cameron's  map  of  this  region  shows  a  number  of  hills  from  about 
1,000  yards  to  (5  miles  in  length,  and  running,  most  of  them,  a  little  east  of  true 
north.  The  hills  are  crossed  at  right  angles  by  small  valleys,  the  bottoms  of  which 
are  of  a  little  higher  elevation  than  the  main  north  and  south  valleys — the  gradient  of 
the  latter  towards  the  sea-coast  is  only  2\  feet  to  the  mile,  and  yet  hydraulicking  has 
been  recommended  for  this  district  !     The  whole  country  is  covered  by  forest  and 

*  Carte  des  Concessions  de  "  The  African  Gold  Coast  Company,"  1879. 

t  To  the  Gold  Coast  for  Gold,  by  R,  F.  Burton  and  V.  L.  Cameron,  2  vols.,  1883.  The  map  of  Messrs. 
Walker  and  Bonson  having  the  claims  of  the  African  Consolidated  Mines,  Ld.,  marked  on  it,  seems  to  be 
mainly  taken  from  Cameron's  map  in  the  above  book.  Dahse's  map  is  taken  from  the  above  and  other 
sources.  .     _  .  .  ,  .  .         . 

}  From  Chama  to  Taquah  is  only  28  miles  in  an  air-line ;  the  Government  is  now  making  a  good  road 
by  that  route. 
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dense  bush.  Both  the  auriferous  veins  and  the  banket  seams,  as  a  rule,  follow  the 
direction  of  the  hills.  Plate  VII.  is  a  general  map  of  the  district,  after  Dahse:  Plate 
VIII..  after  Messrs.  Walker  and  P.onson.  shows  the  relative  positions  of  the  banket 
mines,  and  the  direction  of  the  hills  on  which  they  are  situated.  The  chief  seams 
are  marked  down  on  both  maps,  from  data  taken  from  various  sources. 

Taquah  Mix?:. 

The  present  workings,  from  surveys  made  by  the  writer,  are  shown  in  plan  on 
Plate  IX..  and  in  section  on  Plate  X.  The  deposit  strikes  N.  47°  E.  (magn..  1S90). 
or  N.  32°  20'  E.  (true).  It  has  a  distinct  bend,  however,  the  southern  portion  strik- 
ing N.  13c  E.  (magn.),  or  X.  1°  40'  W.  (true).  The  deposit  appears  to  form  an  acute 
angle  with  the  average  run  of  the  hill,  which  is  200  feet  above  sea-level.  The  main 
bed  appears  to  form  a  distinct  saddle  above  the  new  tunnel  (Plate  X.):  and, 
although  a  quartz  vein  is  seen  in  places  along  the  buckle,  which  might  be  taken  for 
a  saddle  joint,  the  seam  in  the  two  levels  would  really  appear  to  form  one  main 
seam,  divided  by  a  "horse"  of  sandstone  rock,  the  general  dip  being  north-westerly. 
Unfortunately,  the  older  lower  workings  in  the  Verillon  tunnel  cannot  now  be  sur- 
veyed, owing  to  falls  of  ground,  etc.  One  wing  of  the  saddle-bend  dips  N.W.  31c 
and  the  other  S.E.  40°.  gradually  lessening  towards  the  lower  portion  until  it  becomes 
horizontal. 

The  seam  has  been  worked  by  shafts  driven  by  the  nat  ives  for  a  long  distance  N.E. 
and  s.AV.  of  the  present  workings.  Some  of  the  shafts  are  covered  by  bush,  some  have 
fallen  in.  and  the  remainder  are  so  small,  and  the  workings  so  narrow,  that  it  is 
very  arduous  work  to  examine  them,  and  for  these  reasons  an  accurate  plan  of  the 
whole  mine  does  not  exist.  The  Taquah  Seam,  at  first  sight,  does  not  look  like  a  banket 
deposit ;  however,  a  minute  examination  seems  to  show  that  it  is  really  a  very  fine 
conglomerate,  arranged  in  layers,  merging  occasionally  into  coarse  conglomerate  of 
the  ordinary  type  on  the  one  hand,  and  into  moderately  fine  sandstone  on  the  other. 
For  the  most  part  it  consists  of  more  or  less  rounded  grains  of  quartz,  from  coarse 
to  fine,  of  titaniferous  iron  ore  in  layers  and  in  scattered  grains,  and  of  extremely 
thin  plates  of  silvery-white  talc.  The  bed  is  thickly  strewn  with  the  latter  and  has 
little  cohesion,  crumbling  to  pieces  with  very  slight  pressure,  but  in  other  respects 
resembles  Brazilian  itacolitmite.*  The  fragments  are  very  gritty  to  the  touch — 
carbonate  of  lime  and  clay,  if  present  at  all,  are  there  in  small  quantities  only. 
The  seam  may  roughly  be  said  to  consist  of  layers  of  titaniferous  iron  ore,  carrying 
free  gold  alternating  with  layers  of  practically  non-auriferous  talcose  sandstone. 
The  width  of  the  layers  varies,  as  well  as  that  of  the  whole  seam:  in  the  portion 
now  being  worked,  close  to  the  new  tunnel,  the  width  has  been  proved  to  be  18  feet. 
Sometimes  the  titaniferous  iron  ore  occurs  in  solid  layers,  several  inches  thick,  and 
sometimes  well  crystallized  in  quartz,  filling  cross  joints. 

*  " Itacolumite  is  a  friable  sandstone,  consisting  mainly  of  quartz  sand,  but  containing  talc  or  mica, 
and  sometimes  also  possessing  a  certain  amount  of  flexibility  when  in  thin  laminae."  J.  Arthur  Phillips, 
"/'•  'it.,  p.  U13  ;  also  w.  J.  Henwood,  Trans.  H.  Gftol.  Soe.  Cprnw.,  vol.  viii.,  p.  172.  When  specular  iron 
ore  replaces  the  talc  or  mica,  it  is  termed  itabiriti . 

I) 
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The  bottom  portion  of  the  bed  is  from  6  to  12  inches  thick,  and  containing  much 
titaniferous  iron,  has  the  most  free  gold,  and  it  is  this  portion  alone  that  is  worked 
by  t he  native  Fantis.  They  sink  vertically  a  small  round  shaft,  or  rather  chimney 
(locally  termed  tobori),  about  2i  feet  in  diameter,  to  the  richest  part  of  the  seam. 
The  shafts  are  nowhere  deeper  than  100  feet,  as  the  natives  cannot  cope  with  the 
water  below  that  depth.  Having  cut  the  scam,  they  work  it  away  in  a  very 
irregular  manner.  After  driving  horizontally  a  few  feet,  they  sink  a  little  on  the 
dip.  working  the  seam  away  for  several  yards  on  either  side  as  they  go  down  ;  they 
may  then  drive  again  for  a  short  distance  along  the  bed.  sink  a  few  yards  deeper, 
and  so  on.  The  above  was  the  method  which  had  been  adopted  in  some  old  work- 
ings examined  by  the  writer.  In  places  the  workings  are  so  narrow  that  one  has  to 
wriggle  up  and  down  the  slope  of  the  seam  on  all  fours.  The  exertion  is  terrible, 
and  when,  as  sometimes  happens,  one  comes  in  contact  with  a.  run  of  driver  ants, 
the  situation  is  anything  but  a  pleasant  one.  It  can  be  readily  understood  that 
in  workings  measuring  only  14  inches  wide  there  is  no  room  to  swing  a  pick  ;  the 
natives  work  out  the  seam  with  hammer  and  chisel,  carrying  the  mineral  to  the 
surface  in  earthen  pots  or  calabashes  up  a  bamboo  ladder  about  5  inches  wide. 
In  sinking  they  use,  according  to  Skertchly,*  a  small  iron  hoe  2  inches  broad  and 
from  4  to  6  inches  long,  with  which  they  scrape  the  sandy  earth  into  a  calabash  ; 
but  McCarthy  says  a  method  of  "  fire-setting  "  is  also  employed.  It  was  the  custom 
to  allow  the  natives  thus  to  work  out  portions  of  the  seam  on  tribute,  the  company 
providing  the  tools  and  allowing  the  natives  half  the  ore  raised  to  bank.  This 
method  was  merely  an  imitation  of  the  old  native  custom  of  paying  half  the  ore 
gotten  to  the  kings  or  chiefs,f  but,  as  it  gives  free  scope  to  extensive  fraud,  it  has 
recently*  br"^  abandom  The  whole  bulk  of  the  seam — the  best  portion  being 
from  2  to  2^  feet  thick — is  sent  to  the  stamps,  and  a  partial  hand-picking  takes  place 
there.  The  ore  yields  at  the  mill  from  5  to  7  dwts.  of  gold  to  the  ton.  It  is  easy 
to  crush,  and  the  gold,  being  entirely  free,  is  readily  caught  on  the  plates ;  some, 
however,  in  very  fine  powder  ("flour  gold"),  is  only  partially  caught  on  the  lower 
amalgamated  plates  and  on  the  blanketing. 

It  will  be  seen  from  the  section  (Plate  X.)  that  another  and  upper  seam  has  been 
explored,  but  the  main  seam  is  the  only  one  now  being  worked.  The  upper  seam,  from 
2  to  3  feet  thick,  is  of  similar  structure,  but  it  contains  less  gold;  and  the  lower  portion 
of  it — said  to  be  rich — is  at  present  under  water.  A  sample  taken  from  the  best 
part  of  the  main  seam,  assayed  9  dwts.  18  grains  ;  while  one  showing  titaniferous 
iron  ore  in  layers  in  sandstone  gave  7  dwts.  19  grains,  and  one  showing  thick  layers  of 
titaniferous  ore  gave  13  dwts.  16  grains  of  gold  to  the  ton  of  20  cwts.  (Dr.  George 
Tate) ;  hence  the  assays  confirm  the  panning  results,  that  where  there  is  most  black 
sand  there  is  most  gold  ;  the  former  is  in  this  district  an  almost  certain  indication 
of  the  latter. 

*  Mungo  Park  describes  in  his  book  of  Travels  the  method  of  digging  deep  pits  employed  by  the  Man- 
dingoes.  They  used  small  spades  or  corn-hoes  for  this  purpose,  and  drew  the  earth  up  in  calabashes. 
Strata  of  fine  reddish  sand  with  small  black  specks  (?  iron  sand)  were  usually  found  to  be  auriferous. 

t  This  custom  is  alluded  to  in  an  anonymous  work  published  in  1655,  and  quoted  below.  This  little  book- 
contains  an  interesting  and  fairly  accurate  account  of  the  native  customs,  of  the  weights  used  in  the  sale  of 
gold,  of  the  traffic  with  the  Hollanders,  and  of  early  voyages  to  the  Gold  Coast. 
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The  old  shaft  should  be  sunk  to  the  main  seam,  which  will  be  met  with  at  a 
depth  of  from  60  to  70  feet  vertical.  By  this  means  a  further  200  feet  of  the  main 
and  about  150  feet  of  the  upper  seam  will  be  laid  open  on  the  dip,  and  very  much 
better  results  may  be  expected  than  hitherto. 


Abosso  Mine. 

This  is  six  miles  north  of  Taquah  village,  and  is  one  of  the  most  promising  mines 
on  the  Gold  Coast. 

Plate  XI.  is  a  plan,  and  Plate  XII.  a  section  of  the  present  workings  in  this  mine, 
from  surveys  by  the  writer.     The  seam  runs  N.  53°  E.  (magn.  1890),  or  N.  38°  40'  E. 
(true),  with  an  average  dip  of  353  to  the  N.W.,  and  has  been  proved  for  about  700 
feet  in  length.     The  main  hill  here  trends  N.  40°  E.  (true),  and  may  be  regarded  as 
a  continuation  of  the  Taquah  range  ;  hence  the  seam  is  practically  parallel  with  the 
average  run  of  the  main  hill,  the  top  of  which  is  310  feet  above  sea-level,  and  along 
the  western  slope  of  which  it  crops  out.  Thisis  undoubtedly  a  banket  deposit,  although 
here  and  there  portions  of  the  seam  show  a  structure  similar  to  that  of  the  Taquah 
deposit.      The  strike  and  dip  are  very  uniform,  the  roof   or  hanging-wall  is  ex- 
tremely well-defined,  but  the  thickness  varies  considerably.     At  the  south-west  end 
the  seam  consists  of  a  single  layer  of  rich  conglomerate  2  feet  in  width.     Further 
north,  or  80  yards  from  this  point,  the  thickness  is  18  feet ;  the  upper  portion,  however, 
is  very  poor  in  gold.     At  one  place  where  the  seam  is  very  rich  the  section  shown. 
commencing  at  the  roof,   was  as   follows  : — 2£  feet   of   pale   sandstone   contain- 
ing black  streaks  (titaniferous),  poor  in  gold,  6  inches  of  auriferous  conglomerate, 
9  inches  of  sandstone  and  layers  of  titaniferous  iron  with  gold,  9  inches  of  rich 
conglomerate,  12  inches  of  sandstone  rich  in  titaniferous  iron  ore  and  free  gold 
forming  the  bottom  layer  ;  total   thickness   =    o\   feet.     The   true   roof   of   the 
seam  is  a  hard  quartzose  rock  (grit)  25  feet  thick,  above  which  is  a  thick  bed  of 
talcose  sandstone  similar  to  that  at  Taquah,  and  upon  this  again  lies  a  red  marly 
rock  (coloured  by  oxide  of  iron)  proved  for  many  yards  in  thickness.     In  cross- 
cutting  through  the  latter,  which  is  soft,  one  meets  with  streaks  which  give  a  good 
colour  of  gold  in  the  bowl.     Immediately  below  the  seam  there  is  usually  a  layer  of 
soft  clay,  but  talcose  sandstone  forms  the  true  floor  or  footwall.     A  sample  of  the 
lowermost  layer  of  conglomerate  (light  in  colour)  assayed  4  ozs.  7  dwts.,  while  darker 
conglomerate  gave  5  ozs.  4  dwts.  11  grains,  and  conglomerate  showing  visible  gold 
gave   15   ozs.   12   dwts.   to   the    ton  (Dr.   George  Tate).      With    only    ten  small 
and  leaky  heads  the  yield  last  April  amounted  to  244  ounces  of  gold,  the  ore  milling 
nearly  13  dwts.  to  the  ton.     From  12  to  15  dwts.  is  said  to  be  the  average  of  the 
Main  Reef  Line  of  Witwatersrand.*     The  gold  varies  from  the  size  of  a  pin's  head 
to  impalpable  powder,  and  is  waterworn.     The  conglomerate  is  composed  of  rounded 

*  See  Official  Handbook,  Transvaal  Republic,  Mining  and  Metallurgical  Exhibition,  compiled  by  W.  Y. 
Campbell,  pp.  4  and  11.  The  averages  for  April,  May,  and  June,  1890,  were  very  constant,  being  14i  dwts., 
14f  dwts.,  and  14 £  dwts.  of  gold  per  ton  respectively ;  latterly  they  have  fallen  off  about  1  dwt.  per  ton. 
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quartz  pebbles  of  various  sizes,  but  seldom  larger  than  a  lien's  egg,  with  occasional 
pebbles  of  hard  quartzitic  rock,  set  in  a  quartzose  matrix  often  containing  black 
t  itaniferous  ore.  It  has  nut  the  reddish  colour  of  the  Witwatersrand  bankei  found 
above  the  water-level,  but  resembles  rather  the  greenish-grey  pyritic  conglom- 
erate found  below  that  level,  although  in  the  Gold  Coast  conglomerate  no  pj 
has  as  yet  been  met  with.  The  gold  occurs  generally  in  the  cement,  ami  is  - 
times  seen  collected  round  the  quartz  pebbles.  Mr.  A 1  ford,  speaking  of  the  Wit- 
watersrand banket,  says  : — "  It  is  usually  found  that  gold  occurs  much  more  freely 
in  the  matrix  than  in  the  pebbles  of  the  conglomerates,  and  more  so  in  that  part  of 
the  matrix  immediately  adjacent  to  the  quartz  pebbles;"  and  Mr.  Furlonge,  refer- 
ring to  the  De  Eaap  conglomerates,  remarks  that  the  gold  is  "entirely  confined  to 
the  cementing  material,  which  is  to  a  large  extent  very  porous."*  On  the  other 
hand,  a  German  writer  distinctly  says  the  gold  is  found  both  in  the  pebbles  (Ge- 
schieben)  and  in  the  cement  (Bindemittel)  ;f  and  as  gold  has  been  found  in  a  quartz 
pebble  from  a  Carboniferous  conglomerate.!  and  has  been  seen  by  Dr.  C.  Le  Neve 
Foster  in  a  pebble  from  a  South  African  banket,§  it  may  be  pretty  safely  concluded 
that  gold  also  occasionally  occurs  in  the  pebbles  of  the  West  African  bankets, 
although,  commercially  speaking,  the  quantity  is  probably  of  little  or  no  account. 

The  workings  at  present  are  shallow,  but  they  tend  to  show  that  the  deposit 
becomes  richer  at  a  greater  depth,  which  is  also  said  to  be  a  characteristic  of  some 
of  the  Witwatersrand  bankets.  A  shaft  is  now  being  sunk  to  the  dip  in  order  to 
open  up  the  seam  below  the  present  adit  level.  By  continuing  this  shaft  until  a 
vertical  depth  of  250  feet  is  reached,  and  cross-cutting  from  near  the  bottom  of  it 
to  the  seam,  the  latter  will  then  be  opened  up  for  a  total  depth  of  500  feet  on  the 
dip,  and  for  this  district  quite  a  respectable  depth  reached. 

The  writer  thinks  that  the  deposits  will  eventually  be  found  to  consist  of  sedi- 
ments laid  down  in  basins  scooped  out  in  schist  ;  an  outcrop  of  chloritic  schist  is 
seen  a  little  south  of  Taquah. 

A  seam  2£  feet  thick,  with  a  roof  of  loose  red  clay  or  marl,  has  been  proved  north- 
east of  the  present  workings  on  the  slope  of  the  bill,  and  about  100  feet  above  the 
old  tunnel.  This  would  appear  to  be  a  parallel  seam,  running  about  130  yards 
south-east  of  the  main  seam.  The  best  part  consists  of  15  inches  of  conglomerate, 
separated  from  the  soft  roof  by  4  inches  of  pale  sandstone  containing  layers  of 
titaniferous  iron.  This  seam  will  be  cut  by  continuing  the  cross-cut  of  the  old  tunnel 
in  a  south-east  direction.  The  native  shaft,  which  is  just  large  enough  to  allow 
one  to  descend  hanging  on  to  a  rope,  has  struck  the  seam  at  a  depth  of  39  feet. 
The  general  strike  is  N.  31.°  E.  (true),  and  the  dip  from  50°  to  55°  X.W. 


See  also  Mr.  Alford,  Minimi  Journal,  April  27th,  1889 :-  The  conglomerates  "  are  composed  of  imper- 
fectly rounded  waterworn  pebbles  of  white  and  grey  amorphous  quartz  in  a  matrix  of  ferruginous  sand, 

all  very  solidly  cemented  together;  small  pieces  of  felsite,  talc,  mica,  and  other  rocks  are  also  occasional 
constituents  of  the  mass.  The  gold  appears  to  lie  in  the  matrix,  or  rather  to  have  agglomerated  round 
the  quartz  pebbles  on  their  gradual  dissolution ;  sometimes  on  removing  a  quartz  pebble  from  the  con- 
glomerate the  cavity  is  seen  to  be  completely  lined  with  crystalline  gold." 

t  Neues  Jakrhnch  (1SS0),  vol.  i.  (Iteferate),  p.  113. 

t  A.  Liversidge,  The  Minerals  of  New  South  Wales,  1S88,  p.  24. 

§  bee  discussion  of  Mr.  Sawyer  s  paper,  cited  above. 
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Adjah  Bippoh  Mine. 

About  one  mile  north-east  of  Abosso  there  is  a  seam  of  conglomerate  now  being 
worked  very  similar  to  that  of  Abosso,  but  having  a  much  greater  dip  ;  in  fact  in 
this  respect  it  has  the  appearance  of  a  lode.  The  bed  strikes  about  X.E. ;  at  the 
south  end  the  dip  is  60°  N.W.  (thickness  7  feet),  along  the  centre  it  is  practically 
vertical,  while  at  the  north  end  the  dip  is  75°  S.E.  (thickness  1  foot  9  inches).  One 
portion  of  the  seam  is  crossed  by  a  joint  running  10°  S.  of  W.  and  dipping  75°  N.. 
which  heaves  it  10  feet  to  the  west.  The  seam.  170  feet  from  surface  was,  in  1888, 
3  feet  thick,  and  gave  an  average  of  about  10  dwts.  of  gold  to  the  ton.  The  cement 
of  this  banket  is  composed  of  blue  quartz,  and  is  much  darker  than  that  of  Abosso. 

Cinnamon  Bippoh  Mine. 
This  mine  lies  about  two  miles  north-east  of  Adjah  Bippoh,  and  the  bed  is  found 
on  the  western  slope  of  a  steep  hill  which  is  a  continuation  of  the  Taquah  and  Abosso 
range.  The  seam  is  a  most  pronounced  banket  deposit,  striking  N.E.  and  dipping 
45°  N.W.  The  thickness  'varies  from  2  to  3£  feet.  The  hanging-wall  consists  of 
sandstone  rock  containing  thin  streaks  of  titaniferous  iron  ore,  poor  in  gold.  Soft 
and  light-coloured  conglomerate  occurs  here  very  similar  to  that  of  Abosso.  but  the 
hard  conglomerate  is  characterised  by  having  a  cement  of  blue  quartz  of  even  darker 
hue  than  that  of  Adjah  Bippoh.  The  Cinnamon  Bippoh  Company's  mine  adjoins 
this,  and  the  workings  are  in  the  same  seam. 

Ceockerville  Mine. 
A  little  east  of  Abosso  village  two  seams  were  worked  .-ome  years  ago — "Sam's 
Reef"  to  the  north  and  "  Crocker's  Reef"  to  the  south-west,  but  the  writer  is  unable 
to  give  any  particulars  of  their  structure. 

Abbontuyakoon  Mine. 

Three  miles  north-east  of  Taquah  village,  and  on  the  road  to  Abosso.  is  a  deposit. 

judging  from  specimens  on  the  roadside,  of  the  same  nature  as  the  Taquah  main 

seam.     The  mine  is  now  abandoned.     A  pile  of  old  machinery  on  one  side  of  the 

path,  and  the  remains  of  a  stone-breaker  and  a  portion  of  the  stamps-shed  on  the 

other,  all  overgrown  with  tropical  vegetation,  are  sad  relics  of  unsuccessful  mining 

on  the  Gold  Coast. 

Effuenta  Mine. 

One  mile  south  of  the  Taquah  mine  is  a  seam,  striking  with  the  hill  or  N.  6°  E. 
(true)  (Cameron),  which  appears  to  he  strongly  conglomeratic  in  places,  for  Mr. 
Thomas  Cornish  speak.-  of  it  ;ts  "6  to  8  feel  of  conglomerate  and  quartzite  deposits,  in- 
terspersed with  boulder.-  or  blocks  of  quartz  and  ironstone."    This  mine  i-  abandoned. 

Teberibi  Mine. 

Two-thirds  of  the  way  from  Bonsa  to  Taquah  village  is  a  deposit,  not  now  being 
worked,  very  similar  to  the  main  Taquah  reef,  and  which  is  conglomeratic  in  places 
(Cameron).  At  100  feet  from  surface  tin's  seam  yielded  G  dwts.  of  gold  to  tin-  ion. 
The  vein  is  said  to  dip  45°,  and  to  be  of  a  soft,  friable  nature.* 

"  Reports  on  Gold  Mines,  18S9  (Papers  relating  to  H.M.  Colonial  Possessions,  No.  60).    Sir  W  B  Griffith 
to  Lord  Knutsford,  p.  9. 
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Geological  Notes. 

The  district  at  present  explored  stretches  tor  about  II  miles  in  a  north-east 
direction,  while  the  average  width  is  small,  being  greatest  at  Abosso,  where  it  mea- 

about  3  miles.     Commander  Ca ron  speaks  of  gneiss  being  the  country  rock 

at  Teberibi,  Taquah,  Bffuenta,  Adjah  Bippoh,  etc.,  and  Mr.  B.  McCarthy  also 

and  conglomerates  "are  often  so  metamorphosed  a  pass  into 
gneiss."  The  writer  lias  seen  it"  true  gneiss  in  the  district,  but  sandstones,  when 
veined  with  titaniferous  iron  ore,  often  assume  an  appearance  closely  resembling 
th.it  rock. 

The  band  of  grit  forming  the  roof  of  the  Abosso  banket  appears  to  be  of  local 
character;  the.  red  marl,  too.  is  qc-1  -ecu  al  all  the  mines:  but  it  must  be  remem- 
bered that,  with  the  exception  of  the  latter,  which  contains  a  large  proportion  of 
clay,  all  these  rocks  are  chemically  th<  i  ing  composed  in  the  main  of  rounded 
-■rains  of  quartz, and  may  be  described  as  sandstones, conglomeratic  sandstones,  con- 
glomerates  or  quartzites,  according  to  the  texture  and  the  cohesion  between  the 
particles;  al  the  one  extreme  is  a  rock  which  falls  to  pieces  on  the  slightest  touch, 
and  at  the  other  is  a  very  hard  quartzite,  through  which  the  natives  were  unable 
to  pierce. 

The  beds  have  evidently  been  quietly  deposited  by  water.  Specimens  from 
Taquah  clearly  show  this,  while  even  the  pebbles  of  the  conglomerates  appear  to  be 
arranged  roughly  in  layers — their  longer  axes  being  generally  parallel  to  the  roof 
and  floor  of  the  seam.*  The  gold,  waterworn  as  a  rule,  is  undoubtedly  con- 
temporaneous with  the  rocks  in  which  it  occurs,  differing  in  this  respect  from  the 
Witwatersrand  and  De  Kaap  banket  reefs,  the  gold  of  which  is  said  to  be  of  more 
recent  date  than  its  matrix.f  The  main  reasons  for  inferring  this  are  (1)  the 
crystallized  nature  of  the  gold,  and  (2)  its  presence  in  pyrites  below  the  water-level. 

The  bankets  of  West  Africa  are  alluvial  deposits,  but  whether  the  sandstones  and 
conglomerates  have  been  deposited  in  the  sea.  or  in  an  inland  lake  or  lagoon,  which 
latter  seems  probable,  or  on  the  bottom  of  a  wide  river,  cannot  yet  be  satisfactorily 
determined — a  very  careful  geological  examination  of  the  whole  district  must  be 
made  to  settle  this  question  as  well  as  that  of  the  age  of  the  deposits.  If  these 
deposits  were  built  up  on  the  bottom  of  a  lagoon,  the  latter  must  have  been  of  large 
extent  with  several  rivers  and  streams  emptying  themselves  into  it.  Near  the 
mouths  of  such  rivers  we  should  expect  to  find  the  coarser  materials  deposited, 
while  farther  from  the  banks  of  the  lagoon  the  fine  matter  would  settle;  and.  again, 
the  material  deposited  would  differ  from  time  to  time  according  as  the  rivers  were 
in  a  flooded  or  dry  state.  Along  the  shore  at  Axim  and  Winnebah  the  deposition  of 
sand  and  titaniferous  iron  ore  is  seen  going  on  at  the  present  day;  a  little  inland 
the  native  holes  show  titaniferous  sand  resting  on  a  clay  bottom — the  fact  of  a  thin 
band  of  clay  occurring  on  the  floor  of  the  bankets  at  Abosso  and  Adjah  Bippoh  has 

•  A  distinct  bedded  arrangement  is  also  seen  in  a  specimen  of  pyritic  conglomerate  from  Witwaters- 
rand, x>ossessed  by  the  writer. 

t  See  J.  S.  Curtis  (op.  rit.);  Mr.  Furlonge  fop.  eit.J,  speaking  of  the  De  Kaap  conglomerates  says:— 
"The  auriferous  pyrites,  and  consequently  the  ' free  gold,'  is  evidently  of  later  date  than  the  beds  them- 
selves." 
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already  been  pointed  out.  In  the  Appim  district,  near  Winnebah  (between 
Cape  Coast  Castle  and  Accra)  outcrops  of  ironstone  occur  veined  with  quartz 
showing  visible  gold.*  It  is  further  said  that  the  ironstone  "  is  almost  pure  iron 
ore.  and  very  hard  to  break,  and  does  not  occur  in  a  continuous  reef,  but  in  detached 
boulders  and  small  reefs  dispersed  through  the  quartz  reef  "  It  would  appear  from 
this  that  the  boulders  arc  the  result  of  the  wear  and  tear  of  some  seams  or  veins  of 
ironstone  occurring  farther  in  the  interior.  In  considering  the  origin  of  the  bankel  - 
it  is  also  worthy  of  mention  that  M.  Bonnat  found  that  the  bed  of  the  Ancobra 
River,  some  distance  above  the  first  rapids,  consisted  of  large  flint  pebbles  (gros 
cailloux  routes'),  lying  from  2  to  3  yards  thick. 

The  banket  deposits  of  Wassaw  have  clearly  been  built  up  from  the  disintegration 
of  older  rocks,  and  from  the  large  preponderance  in  them  of  quartz,  talc,  and  titan- 
iferous  iron,  it  is  probable  that  the  parent  rocks  consisted  of  talco^e  schists  and 
quartzites,  traversed  by  auriferous  veins  of  quartz  and  ironstone  ;  or  the  bankets 
may  have  been  derived  from  conglomerates  of  older  date  than  themselves,  for  if  the 
former  had  been  derived  directly  from  schists  and  quartzites  it  would  not  be  un- 
reasonable to  expect  to  find  in  them  more  angular  and  unworn  fragments  than  is  in 
reality  the  case — in  other  words,  the  bankets  should  show  in  many  places  a 
distinctly  brecciated  structure. 

It  is  evident  that  the  beds  have,  subsequent  to  their  deposition  and  consolidal  ion, 
been  tilted  up  at  an  angle  varying  from  30°  to  90°.  As  yet  no  eruptive 
rocks  have  been  found  in  the  district  to  account  for  this:  "greenstone"  it  is  true, 
crops  out  along  the  coast  at  Axiru,  and  at  Cape  Coast  Castle,  and  between  these 
places,  but  it  is  of  older  date  than  the  schistose  rocks,  which  in  their  turn  are  older 
than  the  sandstone  and  conglomerates.  There  is  also  a  marked  absence  of  faultsf  in 
the  district,  the  small  heave  in  the  Adjah  Eippoh  mine  being  perhaps  the  only 
exception  known.  The  deposits  are  probably  of  comparatively  recent  geological 
age — the  small  cohesion  observable  in  certain  parts  would  appear  to  indicate  this — 
and.  with  the  exception  of  the  band  of  hard  quartzite  rock  forming  the  roof  at 
Abosso,  and  of  certain  hard  and  compact  portions  of  the  coarse  bankets,  little  or  no 
metamorphic  action  can  be  traced — differing  markedly  in  this  respect  from  the 
banket  reefs  of  South  Africa. J 

There  is  evidently  a  series  of  parallel  seams  in  the  district ;  thus  at  Abosso  four 
main  seams  have  already  been  shown  to  exist.  The  workings  not  being  continuous  it 
is  no  easy  matter  to  correlate  the  seams  ;  but,  judging  from  their  relative  positions. 
Teberibi,  Abbontuyakoon.  and  Adjah  Bippoh  would  appear  to  form  one.  while 
Effuenta  and  Taquah  form  another.  The  seams,  as  a  rule,  crop  out  on  the  western 
slopes  of  the  hills,  or  towards  the  settine  sun. 

*  Reports  on  Gold  Mines,  1889,  p.  21. 

t  "  In  places  where  the  strata  are  observable  in  close  proximity  to  the  trappean  rocks,  the  former  are 
found  dislocated,  and  traversed  in  all  directions  by  surface  fissures,  in  many  cases  veiy  highly  mineral- 
ised."— C.  J.  Alford  <ftf>.  eft.  . 

\  "  On  its  {i.e.,  the  Rand's)  northern  side  there  is  a  large  mass  of  greenstone,  dykes  from  which  penetrate 


the  hills,  and  almost  always  cause  the  metamorphosis  of  the  sandstone  into  quartzite."— J.  8.  Curtis  top. 
eit.j.  At  De  Kaaji,  "  thrusting  its  way  through  all  these  formations,  we  find  a  vast  irruption  of  trap-rock 
— mostly  diorite —forming  dykes  with  a  general  strike  of  N.  and  S.  magnetic  :  also  in  a  few  cases  intrusive 
Rheets.  Where  the  irruption  has  occurred  amongst  the  stratified  beds  a  considerable  disturbance  of  these 
ha=  naturally  been  produced,  resulting  in  a  dislocation  of  the  rocks  in  its  vicinity,  and  a  metamorphism  of 
their  structure."— C.  J.  Alford,  F.G.S.,  Mining  Journal,  20th  April,  1889. 
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Towards  the  north-east  of  the  area  the  conglomerates  become  more  and  more 
clearly  defined,  while  its  south-western  portion   is  characterised  by  alluvial  dep 
showing  very  little  conglomeratic  structure    the  latter,  too.  are  much  more  talcose 
than  the  former.    This  would  appear  to  Bhow  thai   the  current    conveying  the 
mail-rials  of  the  banketB  came  from  the  north-east. 

It  lias  recently  been  observed  thai  the  gold  in  some  of  the  Witwatersrand  bankets 
Is  imr  uniformly  distributed,  but  occurs  in  large  lenticular  masses,*  the  dip 
of  which  is  not  stated ;  andthegold  in  one  at  Leas!  of  the  West  African  bankets 
occurs  in  shunts  dipping  south-west.  At  the  Akankoo  quartz  fissure-vein  mine  the 
shunts  of  ore  are  said  to  dip  in  the  same  direct  ion. 

Mode  of  Working. 
When  tin  seam  is  very  wide,  the  upper  portion  containing  very  little  gold  is  Left 
standing,  bui  this  necessitates1  careful  propping.     When  the  whole  of  the  seam  is 
taken  out,  props,  stull-pieces  or  bearers,  from  .">  to  L8  feel  in  length,  are  put  up  about 

6  Eeel  apart,  the  roof  being  of  very  strong  nature.  The  timber  used  is  wood  of  fair 
quality  from  the  neighbouring  hush.  When  the  paying  part  of  the  seam  runs  only 
2  feet  wide,  a  portion  of  the  roof  is  stripped  down,  and  packed  behind  polings 
reaching  from  one  stull-piece  to  another. 

At  Abosso  the  seam  is  partly  being  worked  by  underhand  stoping,  but  when  the 
engine  shaft  to  the  dip  has  cut  the  seam,  the  mine  will  be  opened  up  in  the  ordinary 
way  by  overhand  stoping  ;  and  the  mineral  will  be  raised  to  the  new  tunnel,  now  in 
course  of  driving,  and  trammed  from  thence  to  the  mill. 

For  timber  foundations  karkum  and  kasaba  woods  are  used  ;  the  former  grows 
over  200  feet  in  height,  and  is  then  11  feet  in  diameter  for  some  distance  from  the 
base,  it  is  very  hard,  and  weighs  SO  lbs.  to  the  cubic  foot.  The  latter  is  a  fine 
timber  \cry  like  oak.t 

Amalgamation. 

The  process,  as  carried  on  at  Abosso,  is  as  follows: — Lumps  of  cyanide  of  potassium 

are  occasionally  put  in  the  stamp-boxes;  the  pulp  passes  through  fine  sieves  of  No. 

37  gauge  on  to  upper  amalgamated-copper  plates  16  inches  long,  and  inclined  5° 

from  the  horizontal  :  mercury  is  sprinkled  over  the  upper  parts  of  the  plates  from 

time  to  time,  and  cyanide  is  rubbed  over  them:  or.  better  still,  a  mixed  solution  of 

cyanide  and  sal-ammoniac  is  used,  and  the  plates  are  frequently  brushed  over  from 

below  upwards  towards  the  head,  in  order  to  prevent  the  accumulation  of  the  heavy 

ironsand  on  the  plates.     The  pulp  then  passes  over  lower  amalgamated-copper  plates 

S  feet  i)  inches  long  by  22  inches  wide,  and  thence  over  a  narrow  foot-plate  on 

to  the  blanket  tables,  8J  feet  in  length.     The  blanketing  is  washed  every  2  hours  in 

a  large  tub  of  water,   and  native   women  arc  constantly  employed   washing  the 

blanket  tailings  in  wooden  bowls.     The  result  is  a  large  recovery  of  mercury  and 

bul    little  amalgam,   showing  that    not   much  of  the  tine  gold    is  caught   on  the 
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blankets.  The  final  tailings  have  been  assayed  and  show  less  than  1  dwt.  of  gold 
per  ton,  so  that  it  is  believed  that  most  of  the  flour  gold  is  carried  off  on  the  surface 
of  the  water  used  for  dressing  purposes.  The  amalgamated  plates  used  here  are  un- 
usually long,  the  object  being  to  catch  as  much  of  the  fine  gold  as  possible ;  as  a  matter 
of  fact  from  13  to  22  per  cent,  of  the  total  amalgam  is  caught  on  the  lower  plates. 
The  upper  plates  are  cleaned  three  times  a  week,  and  by  far  the  greater  proportion 
of  the  amalgam  collect-  on  the  first  two  inches  of  the  plate- ;  the  lower  plates  are 
cleaned  once  a  month  only.  The  amalgam  is  very  hard,  and  is  scraped  off  with  steel 
tools  having  a  sharp  edge  ;  it  is  carefully  washed  on  a  separate  amalgamated  plate — 
all  specks  of  ironsand  are  finally  removed  by  a  magnet — and  then  squeezed  through 
chamois  leather,  made  into  balls  and  weighed.  The  amalgam  is  very  rich  in  gold, 
2i  ounces  yielding  about  1  ounce  of  the  precious  metal,  of  about  23  carats  value, 
or  between  -standard"  and  "fine.*'  and  which  realizes  about  £4  per  ounce  troy. 
The  problem  is  to  catch  at  least  80  per  cent,  of  the  fine  gold.  The  fineness  of  some 
gold  collected  by  Mr.  Edward  Dean  from  South  African  banket,  may  be  gathered 
from  the  following  facts: — The  gold  was  in  a  brown  dust ;  it  discoloured  white 
paper  with  a  brown  stain,  and  a  small  quantity  gave  a  distinct  purple  colour  to 
water  with  transmitted  light,  and  light  green  with  reflected  light.* 

Formerly  Thenot's  amalgamators  were  in  use  at  Taquah ;  all  the  quartz  when 
pulverized  was  forced  through  a  large  body  of  mercury  confined  in  vessels,  and 
this  was  kept  in  a  state  of  constant  agitation.  The  operation  is  said  to  have  gone 
on  without  a  hitch  for  several  months,  and  the  principle  of  it  is  almost  perfect, 
theoretically  speaking  :  but,  as  the  amalgamators  are  now  piled  in  a  heap  under  an 
old  shed,  the  process  must  in  the  long  run  have  proved  a  failure.  Mr.  Jordan  not 
long  since  patented  a  process  for  pneumatically  forcing  gold  ore  pulp  through  a 
column  of  mercury,  but  one  has  heard  very  little  about  it  of  late.  Narrow  and 
curved  strips  of  amalgamated  plates  like  those  used  in  California!  might  be  sus- 
pended across  sluices,  and,  dipping  just  below  the  surface  of  the  water,  would  catch 
some  more  of  the  fine  gold  ;  and  a  solution  of  bicldoride  of  mercury  is  said  to  be 
very  efficacious  in  saving  fine  gold.J  The  Macarthur-Forrest  process  §  would 
appear  to  be  well  adapted  for  the  treatment  of  the  tailings  in  these  mines.  This 
process  depends  on  the  affinity  of  gold  for  cyanogen  :  a  solution  of  cyanide  of  potas- 
sium is  used,  a  mere  percolation  of  it  through  the  mass  being  sufficient,  it  is  said,  for 
tailings  derived  from  ores  containing  free  gold.  It  is  obvious  that  in  this  process  a 
solution  should  be  used  not  containing  more  than  1  or  2  per  cent,  of  the  cyanide,  and 
if  possible,  the  solution  should  be  used  over  and  over  again,  and  not  be  allowed  to 
escape  and  poison  the  surrounding  ground.  The  details  of  the  process  are  at  present 
kept  a  great  secret,  but  at  least  80  per  cent,  of  the  gold  is  said  to  have  been 
extracted  by  it  from  tailings  obtained  from  the  milling  of  South  African  bankets.il 

*  Notes  on  the  Treatment  of  Gold  Ores,  by  Florence  O'Driscoll,  A.M.I. C.E.,  188t»,  p  40. 
t  Florence  O'Driscoll  fop.  cit.J,  p.  51. 

I  The  Engineering  and  Mining  Journal,  Jan.  11, 1890. 

§  The  Engineering  and  Mining  Journal,  Dec.  21,  1889,  and  Florence  O'Driscoll  fop  cit.J. 

II  The  Engineering  and  Mining  Journal,  Nov.  1,  1890. 


II  BOMB    BANKET   DEPOSITS   OF   Till:   col. I)  COAST,    WEST   AFRICA. 

Labour,  Power,  and  Fuel  Used. 

Native  Fantis,  Kroonien,  and  Bassab  men  are  employed  to  work  the  mines — the 
latter  are  the  best  miners,  and  the  most  easily  managed,  The  Fantis  are  paid 
uniformly  Is.  per  day;  with  a  pood  headman,  who  receives  £2  to  £3  per  month,  they 
work  fairly  well,  but  otherwise  they  become  utterly  unmanageable.  Naturally  of  a 
nmst  indolent  disposition,  and  very  fond  of  trade-gin,  and  the  throwing  of  dice,  they 
will  cease  work  for  the  slightest  cause,  and  often  for  no  cause  at  all.  They  are 
great  cowards,  and  a  small  stmie  falling  from  the  upper  workings  will  often  he 
sufficient  to  make  them  all  rush  nut  of  t  he  mine  pell  mell,  and  refuse  to  work  again 
for  the  rest  of  the  day. 

The  imported  Kroomen  and  Bassah  men  receive  daily  rations  of  rice  (1£  lbs.  per 
man)  and  beef  once  a  week  (1  lb.  per  man)  in  addition,  and  are  paid  from  18s.  to 
24s.  per  month,  the  headman  of  a  gang  receiving  £2  10s.,  the  second  headman  (only 
necessary  in  large  gangs)  £2  per  month.  A  gang  will  consist  of  from  20  to  60 
men.  El  Mina  boys  (in  West  African  parlance  =  men)  are  used  as  hammock- 
bearers,  and  also  for  river  transport  work,  ami  while  native  Fantis  will  only  carry 
light  weights — they  require  at  the  rate  of  about  6s.  6d.  per  long  ton  per  mile  along 
bush  track — Kroomen  must  be  employed  for  bringing  up  heavy  machinery.  The 
freight  from  the  coast  to  the  mines  varies  from  £10  to  £20  per  ton — the  river 
transport  costing  rather  more  than  half  this  sum. 

Each  tribe  must  have  its  own  village  at  the  mine,  otherwise  there  would  be 
continual  broils  and  fights.  Free  passages  and  subsistence  are  given  to  blacks 
brought  from  places  up  or  down  the  coast.  Each  gang  works  for  12  months,  and 
then  returns  home  for  a  short  time  ;  a  written  agreement  is  made  and  read  out  to 
the  assembled  gang,  each  man  of  which  is  then  called  up  "to  touch  the  pen,"  and 
have  a  cross  put  against  his  name.  By  native  custom  this  is  equivalent  to  a 
signature  or  cross  made  by  the  man  with  his  own  hand,  and  is  in  every  way 
binding.  At  some  mines  the  blacks  are  paid  a  certain  sum  on  account,  from  time  to 
time,  and  receive,  as  well,  cloth  and  other  goods  in  lieu  of  cash,  the  balance  being 
paid  when  their  time  is  up.  At  other  mines  they  have  instituted  regular  monthly 
payments,  keeping  from  one  to  two  months  in  hand,  and  this  is  by  far  the  better 
plan.  Sufficient  water  can,  except  in  some  cases  for  a  short  time  in  the  dry  season, 
be  obtained  for  dressing  purposes,  for  feeding  boilers,  etc.,  while  steam-power  is  used 
for  driving  machinery,  wood  being  the  fuel  used.  As  the  bush  is  cleared  round  the 
mines  the  cost  of  fuel  will  become  greater  and  greater — light  tramways  will  have  to 
be  put  down  to  bring  it  in,  and  at  some  of  the  vein  mines  situated  on  the  river  the 
importation  of  coal  is  talked  about.  It  is  not  improbable  that  coal  may  eventually 
be  found  to  exist  in  the  district,  and  a  rumour  of  its  discovery  was  rife  a  few 
months  ago. 

Leases. 
The  mines  are  leased  from  the  king  or  head  chief  of  the  district,  and  are  let  for 
a  term  of  from  50  to  100  years,  at  a  dead  rental  of  from  £100  to  £200  per  annum 
— the  king  taking  a  certain   proportion  of  this  rent,  and  subsidiary  chiefs  the 
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remainder,  usually  in  unequal  proportions,  according  to  their  status,  etc.  In  some 
cases  a  sum  of  from  £100  to  £200  is  paid  down  on  the  granting  of  the  lease,  and 
subsequently  a  yearly  rental  of  £100  is  paid,  as  well  as  3  per  cent,  of  the  net 
proceeds  of  the  mines  (Dahse).  Great  caution  is  required  in  dealing  with  the 
chiefs  in  these  matters,  as  they  sometimes  grant  concessions  which  have  already 
been  leased  to  others,  or  else  which  are  found  afterwards  to  largely  overlap  con- 
cessions with  older  titles,  and  a  ruinous  lawsuit  may  be  the  result. 

The  document  of  the  lease  should  be  clearly  worded,  the  boundaries  well 
defined,  a  map  attached  to  the  deed,  showing  the  concession  granted,  and  all 
adjacent  ones  correctly  plotted  in  relation  to  the  true  north.  The  original  docu- 
ment must  be  registered  at  Cape  Coast  Castle. 

Machinery. 

Belleville  boilers  and  engines  were  formerly  employed  in  the  main,  but  they  have 
recently  given  way  to  large  horizontal  and  vertical  multitubular  boilers,  and  at  one 
vein  mine,  situated  on  the  river  banks,  Cornish  boilers  have  been  sent  out  whole, 
and  floated  up  the  river,  properly  encased  in  wood,  to  the  mines.  Horizontal  and 
vertical  engines  and  stamps  made  by  Fraser  &  Chalmers,  of  Chicago,  by  Harvey 
&  Company,  of  Hayle,  Cornwall,  by  the  Sandy  croft  and  other  well-known  firms, 
have  been  erected  of  late  years,  and  efficient  winding  and  pumping  engines  by  good 
makers  are  also  rapidly  coming  into  vogue,  and  superseding  steam  winches  and 
sinking  pumps.  Mines  situated  some  distance  from  the  river  are,  of  course,  severely 
handicapped  on  account  of  the  want  of  roads.  The  wisdom  of  waiting  until  the 
Government  makes  good  roads  through  the  bush  may  be  questioned,  and  if  the 
various  companies  had  combined  years  ago  in  doing  this  work,  they  would  now 
have  most  efficient  plants  erected,  and  be  making  large  returns. 

Cost  of  Working. 

This,  on  account  of  the  position  of  the  banket  mines,  is  high,  but,  by  careful 
management,  need  not  exceed  6  dwts.  to  the  ton,  and,  with  good  roads  and  there- 
with more  efficient  machinery,  could  be  reduced  to  5  dwts.,  or  in  money  value 
about  20s.  per  ton. 

Production. 

The  writer  is  unable  to  give  figures  of  the  past  production  of  these  mines — the 
present  production  of  the  three  most  important  ones  is  at  the  rate  of  about  5,000 
ozs.  of  gold  per  annum,  which  will  probably  be  doubled  very  shortly. 

Climate. 

The  climate  is  undoubtedly  bad,  and,  although  the  average  temperature  is  not  very 

high,  the  daily  variation  at  certain  seasons  is  considerable,*  and  the  dense  bush, 

with  its  numerous  marshes  and  decaying  vegetable  matter,  surrounding  the  mines, 

not  to  speak  of  their  comparative  nearness  to  the  mangrove  swamps  of  the  coast, 

*  At  Axim  the  daily  average  temperature  is  from  75'  to  82  F.,  rising  to  92'  and  96'  F.,  and  falling  at  night 
to  between  70'  and  75'.  At  Wassaw  the  average  temperature  is  about  77°.  At  Croekerville  in  1880-1  the 
temperature  ranged  from  65'  to  96",  the  lowest  variation  in  24  hours  being  ?',  and  the  highest  26  .  The 
highest  rainfall  in  24  hours  was  330  inches. 
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undoubtedly  combine  to  make  the  district  an  unhealthy  one.  The  ordinary  inter- 
mittent fever  is  rife,  and  no  European  is  exempt  from  it  fora  long  period.  On  the 
other  hand,  the  unhealthineas  of  the  Gold  Coast  is  often  grossly  exaggerated,  and 
illness  and  deaths  have  often  been  put  down  to  the  climate  that  should  rather 
have  been  debited  to  the  too  frequent  use  of  spirit ^  and  other  exc 

Europeans  must  take  plenty  of  quinine,  live  temperately,  and  avoid  exposure  to 
the  hot  midday  sun,  as  well  as  to  the  malarial  mists  of  the  early  morning,  evening, 
and  night.*  Farther  up  the  Ancobra  River,  where  the  elevation  exceeds  1,000  feet, 
the  climate  is  said  to  be  much  less  unhealthy. 

The  climate  will  gradually  be  improved  as  the  bush  is  cleared,  and  the  swampy 
land  drained,  but  until  the  mines  are  placed  on  a  good  paying  basis  little  improve- 
ment can  be  expected  in  this  direction,  unless  the  Government  of  the  Gold  Coast 
steps  in  and  materially  aids  the  mining  companies. 

History. 

It  is  impossible  to  say  if  these  mines  were  worked  while  the  Portuguese  were 
masters  of  the  coast,  but  in  the  seventeenth  century  an  anonymous  writerf  refers  to 
the  native  method  of  working  by  digging  deep  pits,  and  washing  the  earth  in  great 
bowls.  William  Bosnian  in  1701,  J  speaking  of  the  mines  of  Wassaw,  may  allude  to 
the  Taquah  deposits,  for  he  says  the  gold  is  found  "  in  or  betwixt  particular  hills." 
and  that  the  negroes  dig  pits  in  order  to  obtain  the  precious  metal,  but  it  is  certain 
that  the  mines  were  not  then  worked  by  the  Dutch  themselves,  as  they  for  some  time 
only  held  the  coast  for  trading  purposes,  and  knew  nothing  of  the  interior  except 
from  native  report.  That  they  afterwards  superintended  the  working  of  them 
would  seem  probable,  as  the  remains  of  Dutch  forts  have  been  found  in  the  neigh- 
bourhood of  the  gold  mines  of  Essaman,  but,  on  the  other  hand,  John  Barbot 
writing  in  1732,§  says  the  mines  were  not  then  worked  by  the  Dutch,  and  refers  to 
forts  having  been  erected  to  protect  the  trade  with  the  natives. 

In  1825  the  prospectus  of  the  "  Gold  Coast  Mining  and  Trading  Company  "  was 
issued  ||  with  a  proposed  capital  of  £750,000.  Among  other  objects  is  that  of 
"  extending  the  intercourse  now  subsisting  with  the  native  chiefs  and  princes,  and 
to  make  arrangements  with  them  to  introduce  a  better  method  of  working  the 
mines  and  pits  in  the  Dinkara,  Wassaw,  Ahantah,  and  Fantie  Territories  on  the 
Gold  Coast  and  at  Grand  Bassam  and  Assim  on  the  Windward  Coast."  This 
company,  however,  appears  to  have  devoted  its  energies  to  trading  only,  and  to 
have  wisely  left  mining  alone. 

In  1871  the  attention  of  M.  J.  Bonnat,  while  at  home  after  his  five  yoars'  captivity 
in  Coomassie,  was  drawn  to  the  gold  of  the  Gold  Coast,  and  the  result  was  the  forma- 
tion of  the  Societe  det  Afincs  d'Or  d'Afrique  Occident  alt  for  working  mines  in  that 

*  Consult  Dr.  Nealon's  letter,  "Climate  of  the  Cold  Coast,"  Mining  Journal,  March  19,  1887. 

t  The  Golden  Coast,  or  a  Description  of  G-uinney.  London:  printed  for  S.  Sneed  at  the  Rain- Bow  in 
Fleet-street,  1665. 

%  Nauwhev/rige  Besehryyina  van  de  Guincse  Goud-Tand-en  Slave-Kvst,  etc.,  Utrecht,  1704,  4to  ;  this 
work  was  translated  into  English  (A  New  and  Accurate  Description  or  the  Coast  of  Guinea/  and  French  in 
1705. 

§  Description  of  the  Coast  of  North  and  Soutli  Guinea.  He  says  that  above  the  falls  and  rocks  the 
negroes  dive  for  gold,  aud  formerly  the  Dutch  drove  a  very  considerable  trade  there. 

II  There  is  a  copy  of  this  prospectus  in  the  Reading  Room  of  the  British  Museum. 
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country.  This  company  appears  to  have  been  in  the  nature  of  a  syndicate,  its 
primary  object  being  to  secure  river  concessions  and  demonstrate  the  practicability  of 
dredging  the  Ancobra  River  bottom  for  gold.  Bonnat,  with  three  companions,  arrived 
on  the  coast  on  the  10th  of  April,  1877,  and,  after  three  years'  exploration,  he  returned 
to  France.  In  1879  he  was  the  means  of  forming  the  Franco-English  Comjntynie 
Miniere  de  la  Cote  d'Or  d'  Afrique,  or  "  The  African  Gold  Coast  Company."  Accord- 
ing to  Bonnat's  map  of  1879,  the  concessions  owned  by  this  company  were  as 
follows  : — Two  river  concessions,  Mankooma  (south  of  Essaman),  Abosso,  Taquah, 
and  Tamso  {concession  reservee).  The  first  mines  worked  were  Abosso  and  Crocker- 
ville  (Messrs.  Swanzy  &  Co.)  in  1879;  Effuenta  followed  in  1880,  Taquah  in  1881, 
Adjah  Bippoh  (Wassaw  Gold  Mining  Company),  Abbontuyakoon  (Gold  Coast 
Company)  and  Teberibi  in  1882.  Poor  Bonnat  returned  to  the  Gold  Coast  in  1881 
to  open  up  the  Taquah  Mines,  and  died  there  on  the  8th  July,  1882.  "  Le  nom  de 
Bonnat,"  said  M.  Verillon  in  1883,  "  restera  pour  toujours  attache  a  la  de- 
couverte  des  regions  auriferes  de  Taquah  et  d' Abosso."*  Meanwhile  other  travellers 
had  visited  this  region— Mr.  J.  A.  Skertchly,  F.R.G.S.,f  in  1877,  and  Herr  Paul 
DahseJ  from  1879  to  1881,  followed  by  Burton  and  Cameron  in  1882.  Mr.  Skertchly 
admirably  describes  the  native  mode  of  working  the  mines,  and  at  the  time  of  his 
visit  there  were  upwards  of  6,000  men  and  women  at  Taquah  working  gold. 

Previous  to  1886,  Taquah  and  Abosso  were  worked  separately,  and  then  by  la. 
Societe  Fermiere  des  Mines  d'Or  de  Taquah  et  d' Abosso.  In  1888  the  mines  were 
taken  over  by  an  English  company,  which  is  at  present  engaged  in  vigorously 
opening  them  up. 

Addendum. 

In  one  specimen  of  banket  from  Abosso  the  writer  has  detected  a  crystal  (cube) 
of  gold,  and  it  is  also  6een  sometimes  in  thin  plates.  The  fact  of  its  occasional 
occurrence  in  a  crystallized  form  in  this  deposit  may  be  accounted  for  on  the  very 
probable  supposition  that  some  of  the  gold  has  only  recently  crystallized  out  from 
solution.  A  bedded  deposit  in  such  a  position  is  subject  to  the  same  surface 
changes  as  those  that  occur  in  a  true  fissure-vein,  and  a  great  portion  of  the 
gold,  if  not  dissolved,  would,  at  any  rate,  be  Te-arranged  in  the  deposit,  and  in 
this  way  its  occurrence  in  "  shoots  "  may  be  accounted  for. 

Reference  has  been  made  to  M.  Bonnat's  examination  of  the  Ancobra  River  bottom — 

the  point  chosen  was  Aodowo,  20  miles  above  Tumento ;  he  employed  native  divers 

for  this  purpose,  and   he  found  that   the   upper  stratum   consisted  of  a  "  very 

compact  "  mixture  of  comparatively  small  pebbles,  broken  quartz,  and  white  sand. 

forming  20,  30,  and  50  per  cent,  of  the  whole  mass,  and  below  this  large  pebbles 

buried  in  auriferous  whitish  clay  ground.     General  Wray,  who  was  with  M.  Bonnat, 

and  has  himself  examined  the  bottom  of  the  river  in  a  diving  dress,  describes  it  as 

being  composed  of  from  5  to  8  feet  of  white  quartz  pebbles  lying  upon  1£  feet  of 

pipe-clay,  below  which  is  an  unknown  thickness  of  auriferous  sand.     It  is  interest - 

*  Voyages,  aventures,  et  captiviU  de  J.  Bonnat  chez  les  Achantis,  par  Jules  Gros,  1884. 
t  Op.  cit. 

t  Op.  cit.    A  translation  of  Dahse's  paper,  by  Mr.  R.  B.  N.  Walker,  was  published  in  1882,  but  cannot 
now  be  obtained. 
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ing  to  find  that  a  conglomerate  deposil  is  now  being  formed  along  the  bottom  of  the 
Ancobra  River  unci  theresull  of  a  current  flowing  over  such  a  bed  an  'old, 

ironaand,  etc.,  in  suspension  is  worth  considering.     There  would  be  a  great  drag 

'  such  a  bottom,  mid  the  heavy  gold  and  ironsand  would  have;  a  tendenc 
die. pon  to  and  filter  throv  ksaj  the  quarts  pebbles  would,  in  fact,  act  to  a 

certain  extent  like  the  stones  forming  the  "pavement"  of  an  hydraulic  sluice, 
although  the  effect  would  be  less  on  account  of  the  axes  of  the  pebbles  being  hori- 
zontal and  not  vertical  as  in  sluices.  In  this  way  the  great  richness  of  the  lower 
part  of  the  Abosso  banket  can  be  partly  accounted  for,  as  well  as  the  smaller  pro- 
portion of  gold  in  those  deposits  that  contain  few  pebbles  (e.g.,  Taquah). 

In  a  MS.  sketch  map,  compiled  by  General  Wray,  the  land  immediately  to  the 
cast  of  the  Ancobra  River,  between  Akankoo  and  Tumento,  is  said  to  be  composed  of 
••beds  of  conglomerate  resting  in  slate,"  while  the  country  to  the  west  is  described 
as  "trap  overlaid  with  clay;"  the  former  beds  most  probably  form  part  of  the 
ancient  bed  of  the  Ancobra  River. 

The  blue  colour  of  the  quartz  forming  the  cementing  material  of  certain  of  the 
bankets  has  been  pointed  out.  Similar  quartz,  showing  visible  gold,  occurs  in  the 
tissure-veins  of  the  Akankoo  mines  much  lower  down  the  river,  and  Mr.  F.  W. 
Rudler,  F.G.S.,  has  drawn  the  writer's  attention  to  the  fact  that  blue  quartz  is 
characteristic  of  some  of  the  gold  reefs  of  India.  Formerly  quartz  of  this  colour 
was  thought  to  be  non-auriferous. 

Where  visible  gold  occurs  in  the  cement  of  the  bankets,  a  greenish  discolouiai  i'  m 
(?  talc)  is  sometimes  seen.  The  yellow  quartz  of  the  true  fissure-vein  of  the  Essaman 
mine,  higher  up  the  river,  is  often  similarly  discoloured  where  it  shows  visible  gold, 
and  the  writer  has  seen  the  white  quartz  of  the  Ibague  district  of  Tolima,  Colombia, 
South  America,  stained  green  and  blue  (?  copper)  where  there  is  visible  gold. 

In  the  Engineering  and  Mining  Journal,  of  Nov.  22nd  last,  the  treatment  adopted 
in  the  McArthur-Forrest  process  is  stated  by  Mr.  W.  de  L.  Benedick  to  be  as 
follows  : — "The  ore  is  first  pulverized  to  a  fineness  of  40  to  60  mesh,  and  it  is  then 
mixed  with  a  dilute  solution  of  cyanide  of  potassium  and  thereby  agitated.  Six 
hours'  treatment  in  the  vats  is  generally  sufficient  to  dissolve  the  gold  and  silver. 
The  mixture  is  then  transferred  to  wooden  tanks,  where  it  is  allowed  to  settle,  and 
the  supernatant  liquor  is  drawn  off  and  passed  through  zinc  shavings,  which  cause 
the  precipitation  of  the  gold  and  silver."  The  process,  the  patent  rights  of  which 
have  been  secured  in  this  country  by  the  "  Cassel  Gold  Extracting  Company,"  has, 
as  yet,  scarcely  gone  beyond  an  experimental  stage. 


Mr.  M.  Walton- I'.kown  read  the  following  paper  by  himself  and  Mr.  W.  Fo; 
on  "  Experiments  with  Carbonite"  : — 
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EXPERIMENTS  WITH  CARBONITE. 
By  M.  Walton  Brown  and  William  Foggin. 

As  the  experiments  with  carbonite  at  Cymnier  Collieries  showed  that  when  fired 
in  a  cannon  and  unstemmed  it  might  ignite  explosive  mixtures  of  natural  gas  with 
coal-dust,  the  following  further  experiments  were  made  at  the  North  Biddiok  Col- 
lieries in  order  to  determine  this  question  more  exactly. 

I.— Description  of  the  Apparatus.    (Plate  XIII.) 

The  apparatus  used  consisted  of  a  gas  chamber  and  a  cannon. 

The  gas  chamber,  a  (with  a  capacity  of  126  cubic  feet),  was  made  from  a  boiler 
tube  17  feet  10  inches  long,  and  3  feet  in  internal  diameter,  and  one  of  whose 
ends,  b,  was  covered  with  a  flat  plate,  with  an  opening  10  inches  in  diameter.  This 
chamber  was  simply  laid  upon  the  soil. 

The  cannon,  c,  was  made  of  forged  iron,  11  inches  in  diameter  and  4  feet  7  inches 
long,  fitted  with  holes  1^  inches  diameter,  at  one  end  18  inches  long,  and  at  the 
other  end  14  inches  long.  This  cannon  was  firmly  secured  to  a  small  tram,  d,  by 
which  it  could  be  withdrawn  from  the  partially  closed  end  of  the  boiler,  re-charged, 
returned  into  position,  and  fired  into  the  boiler,  whose  axis  and  that  of  the  cannon 
were  coincident. 

The  gas  chamber  was  fitted  with  two  openings,  e  and/,  on  the  top,  each  8  inches 
diameter,  and  with  a  sight  hole,  g,  10  inches  by  8  inches,  which  was  covered  with 
a  strong  iron  framed  glass  window. 

The  gas  chamber  was  closed  at  the  open  end,  h,  with  a  sheet  of  brown  paper, 
firmly  secured  to  the  end  of  the  boiler  by  an  india-rubber  ring.  The  other  and 
partially  closed  end  was  covered  by  the  cannon,  and  made  more  perfectly  tight  by 
an  india-rubber  wheeze. 

A  fan  blade,  i,  was  fitted  in  the  middle  of  the  length  of  the  gas  chamber,  and 
could  be  rapidly  vibrated  by  means  of  an  external  lever  and  a  long  cord,  It, 

Ordinary  lighting  gas  was  supplied  from  Messrs.  Newall  &  Sons'  gas  works, 
near  Washington  station,  and  was  measured  into  the  chamber  through  a  50-light 
meter,  and  discharged  into  the  boiler  about  12  inches  from  the  firing  end. 

Each  charge  was  fired  with  one  No.  6  Nobel  detonator,  by  means  of  one  of 
their  electro-magnetic  exploders. 

II.— Carrying  out  of  the  Experiments. 

The  experiments  were  made  under  the  same  conditions  as  were  in  force  at 
Cymmer  Colliery  as  far  as  practicable.  The  shots  were  fired  without  stemming 
into  the  explosive  mixtures,  containing  from  10  to  15  per  cent,  of  gas  mixed  with 
air. 
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The  experiments  were  conducted  as  follows : — 

The  cannon  being  withdrawn,  the  charge,  with  detonator  attached,  was  inserted 
and  pressed  to  the  inner  end  of  the  hole  with  a  wooden  rammer.  The  firing  cable 
was  then  attached,  and  the  cannon  run  forward  into  the  boiler  ready  for  firing. 
The  various  openings  in  the  gas  chamber  were  closed,  and  the  gas  passed  into  it, 
during  which  time  the  fanner  was  vigorously  worked  to  and  fro  in  order  to  mix 
the  gases. 

In  some  of  the  experiments  fine  coal-dust  wa^  thrown  into  the  chamber  at  the 
two  upper  holes  before  the  gas  was  introduced. 

These  experiments  accord  with  the  opinion  of  one  of  the  writers,  as  expressed 
at  the  discussion  at  the  last  meeting ;  they  are  at  variance  with  the  results  of  the 
experiments  in  Germany  and  at  Cymmer,  but  confirm  the  opinion  of  the  French 
Commission,  viz. : — That  the  explosives  which  can  be  best  recommended,  as  regards 
safety,  are  dual  mixtures,  such  as  octo-nitric  cotton,  mononitronaphthalene,  dinitro 
benzol,  and  naphthalene  with  nitrate  of  ammonia  or  other  bodies. 

In  the  case  of  mixtures  of  dynamite  with  nitrate  of  ammonia  or  other  bodies, 
the  unconfined  detonation  appears  to  be  irregular  as  regards  the  phenomena  of 
the  ignition  of  the  explosive  mixture.  It  -eerns  probable  that  these  irregularities 
may  be  due  to  the  difficulty  of  obtaining  perfection  of  mixture  of  the  substances. 


At  this  point  Mr.  J.  B.  Simpson  took  the  chair  in  place  of  Mr.  G.  P..  Forster, 
who  was  compelled  to  leave. 

Dr.  Bedson  said  he  would  like  to  ask  what  was  the  composition  of  the  carbonite 
used?     He  understood  there  were  various  kind-. 

Mr.  J.  A.  G.  Ross  said  if  they  had  any  explosive  engendering  high  pressures,  it 
was  naturally  accompanied  with  flame,  and  the  heat  produced  an  explosion  if  there 
were  explosive  mixtures  near  the  position  of  the  explosive,  inasmuch  as  the  pro- 
duction of  mechanical  energy  naturally  produces  an  immense  amount  of  heat. 
In  every  explosion  the  adjoining  atmosphere,  contiguous  to  the  explosion,  was 
brought  to  a  very  high  temperature.  As  an  illustration  of  this  he  might  mention 
the  common  experiment  with  a  small  syringe,  about  ^  inch  diameter,  when  the 
piston  is  rapidly  pressed  down  by  the  hand,  sufficient  heat  is  produced  to  ignite 
the  tinder.  In  the  same  way  it  was  probable  that  the  increased  temperature 
of  the  atmosphere,  caused  by  the  detonation  of  an  explosive,  would  be  sufficient 
to  ignite  an  explosive  mixture. 

Mr.  A.  L.  Steavenson  said  the  results  of  these  experiments  seemed  to  prove 
what  he  said  at  the  last  meeting,  that  no  explosive  was  absolutely  safe  ;  and  it 
only  remained  for  them  to  ascertain  which  was  relatively  the  best.  He  approved  of 
carbonite  and  of  gelignite  used  with  the  water  cartridge.  Some  valuable  experi- 
ments had   been   made   by   Mr.  H.  Hall,  H.M.  Inspector  of   Mines,  which  were 
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recently  reported  in  the  Colliery  QuarMan.  Disused  -hafts  were  used  in  which 
the  explosives  could  do  no  harm,  and  the  Bhots  were  fired  ai  tin;  bottom  of  the 
shaft  by  electricity  from  the  surface.  A  little  coal-dust  was  thrown  down  the 
shaft,  and  mi  the  ignition  of  the  explosive  the  dame  came  out  ai  the  top  of  the 

shaft.  He  could  not  conceive  a  more  valuable  means  of  testing.  In  each  experi- 
ment he  believed  that  the  coal-dust  when  ignited,  without  any  gas  being  present, 
sent  out  a  name  just  as  if  the  pit  had  fired.  Nobody  who  saw  this  could  take  the 
slightest  exception  to  the  fact  that  coal-dust  was  explosive.  He  had  no  doubt 
that  the  explosion  at  Tndhoe  was  from  coal-dust.  There  were  plenty  of  disused 
shafts  in  this  district  ;  let  them  try  the  method!  No  one  would  take  any  harm, 
and  it  could  be  seen  at  once  whether  or  not  the  dust  was  ignited  and  blown  out. 
Mr.  Thos.  Bell  asked  if  Mr.  Hall  had  sent  a  copy  of  the  report  mentioned  to 
Prof.  Lebour  ? 

Mr.  M.  Walton  Brown  said  that  he  had  received  two  copies,  and  had  placed  a 
copy  in  the  library  of  the  Institute. 

Mr.  C.  R.  Barrett  asked  if  Mr.  Brown  thought  that  the  carbonite  shots,  if 
stemmed,  would  have  given  the  same  results?  He  (Mr.  Barrett)  tried  a  few  experi- 
ments a  few  weeks  ago  on  an  engine  plane  where  they  could  go  back  in  a  straight 
line  about  300  yards  and  watch  the  effect  from  both  ends.  In  no  case  did  they  see 
any  flame  or  sparks.  The  shots  were  all  placed  in  the  topstone  and  were  properly 
stemmed ;  he  tried  some  in  the  face  of  a  stone  drift,  but  in  this  instance  the  carbonite 
did  not  work  so  efficiently. 

Mr.  Henry  White  said  he  had  used  a  very  large  quantity  of  carbonite  during 
the  last  six  months,  (generally  above  100  shots  a  night)  and  considered  it  worked 
remarkably  well.  On  the  first  occasion,  they  tried  some  very  difficult  shots,  amongst 
others,  in  a  stone  drift,  in  a  very  hard  post,  almost  whin,  and  being  able  to  remain 
within  12  to  25  yards  of  all  the  shots,  they  had  good  opportunities  of  observing 
whether  there  was  any  flame  or  sparks,  but  neither  were  seen,  after  most  careful 
watching  by  several  persons.  They  were  still  continuing  its  use,  and  found  it  to  act 
most  efficiently.  Not  a  single  instance  of  either  spark  or  flame  had  been  reported 
by  any  of  the  shot-firers,  who  were  instructed  to  watch  most  carefully.  He  might 
alsojidd  that  he  had  received  an  excellent  account  of  it  from  the  viewer  of  one 
of  the  largest  and  most  fiery  collieries  in  South  Wales,  where  it  had  been  used  for 
about  a  year. 

Mr.  W.  Armstrong,  Jun.,  said  he  had  used  roburite  for  two  years,  and  unless 
when  there  had  been  imperfect  stemming,  they  had  never  seen  the  slightest  spark  or 
appearance  of  flame. 

Mr.  W.  Foggin  said  that  the  object  of  the  experiments  described  was  not  to  test 
the  safety  of  carbonite.or  its]effect  in  use];  but  simply  to  confirm  or  disprove  the  results 
of  certain  experiments  described  at  the  previous  meeting  of  the  Institute  by  Mr. 
M.  Walton  Brown.  If  the  fact  had  been  established  that  they  had  an  explosive  which 
was  perfectly  flameless  without  tamping,  they  could  be  satisfied  as  regards  safety. 
The  present  experiments  proved  that,  so  far  as  absolute  flamelessness  was  concerned, 
carbonite  was  no  better  than  any  of  the  other  explosives.    He  had  tried  most  of  the 
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so-called  flameless  explosives,  and  they  all  produced  flame  and  lighted  explosive 
mixtures  when  the  hole  was  unstemmed.  With  stemming,  it  was  a  different  matter ; 
it  was  possible  to  fire  a  gunpowder  shot  (if  properly  stemmed)  without  any  flame ; 
and  before  the  last  paper  on  this  subject  was  read  he  had  conducted  some  experi- 
ments with  a  view  to  finding  out  which  of  the  high  explosives  was  safest  with  a  mini- 
mum amount  of  stemming.  These  experiments  were  not  yet  finished,  but  some  of 
the  explosives  tested  showed  remarkable  degrees  of  safety.  Two  or  three  were  per- 
fectly safe  with  2  inches  of  stemming ;  others  were  not  safe  with  9  inches. 
He  was  not  prepared  to  name  at  the  present  moment  those  which  were  almost 
absolutely  safe  and  those  which  were  dangerous.  It  would  be  invidious  to  do 
so  in  view  of  the  numerous  explosives  in  the  market,  as  it  was  more  a  question 
for  the  Flameless  Explosive  Committee,  who  were  about  to  commence  their 
experiments. 

Mr.  D.  Buexs  said  he  would  like  to  ask  Dr.  Bedson  if  he  was  in  a  position  to  state 
at  what  degree  of  compression  of  the  atmosphere  explosive  mixtures  might  be 
ignited,  and  if  sufficient  force  could  be  generated  by  the  explosion,  as  suggested  by 
Mr.  Ross,  to  reach  that  degree  of  compression  and  developed  heat  ?  If  Mr:  Ross's 
contention  was  true — and  there  seemed  to  be  a  great  deal  of  force  in  it — it  did  not 
become  a  matter  of  the  flash  or  flame  but  of  the  explosion  itself.  There  was  cer- 
tainly an  explosive  wave  produced,  and  if  that  wave  generated  sufficient  heat,  it 
could  ignite  inflammable  mixtures  when  it  passes  through  them.  Perhaps  the 
reason  of  the  experiments,  in  the  shaft  previously  referred  to,  being  so  successful  in 
causing  a  flame  to  come  to  the  top  of  the  shaft,  was  due  to  the  fact  that  the  air  was 
not  free  to  expand  in  all  directions  so  as  to  allow  the  force  to  be  dissipated,  and 
being  confined  in  the  shaft,  it  was  able  to  ignite  the  dust  floating  in  the  shaft.  He 
had  never  thought  before  of  inflammable  gases  being  fired  by  compression  produced 
by  the  explosive  wave  ;  and  it  seemed  to  be  like  fighting  the  air  to  try  and  o-et  an 
explosive  which  would  not  ignite  gas,  unless,  indeed,  they  could  get  such  a  slow 
explosive  that  an  explosive  wave  would  not  be  produced. 

Mr.  J.  A.  G.  Ross  said  he  was  sorry  that  he  had  not  the  tables  of  heat  produced 
by  compression  at  hand,  but  they  could  easily  be  obtained.  In  modern  artillery 
pressures  of  14  to  20  tons  per  square  inch  were  found,  and  in  the  old  cannons  it 
attained  30  tons  per  square  inch.  He  presumed  the  pressure  engendered  at  the 
mouth  of  the  shot  hole  would  be  from  12  to  20  tons  per  square  inch,  and  the  tem- 
perature engendered  from  that  would  be  tremendous.  The  advantage  he  saw  in  not 
producing  flame  was  that  the  flameless  explosive  would  produce  an  explosion  merely 
at  the  aperture,  whereas  the  others  carried  the  burning  points  or  solid  incandescent 
particles  to  a  greater  distance. 

Dr.  Bedsox  said  the  question  was  one  which  it  would  be  beyond  his  province  to 
explain.  The  enormous  temperatures  referred  to  as  produced  by  explosives  were 
of  course,  on  the  assumption  that  the  explosion  took  place  in  a  closed  vessel  • 
such  conditions  would  not  apply  to  ordinary  shot-firing  either  with  or  without 
stemming,  as  in  consequence  of  the  instantaneous  expansion  of  the  gases  their 
temperature  is  greatly  reduced. 
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Mr.  M.  Walton  Bbowk  said  he  had  read  bhe  official  record  of  the  experimental 
referred  to,  and  there  seemed  bo  have  been  no  apprehension  of  gas  being  found  in 
bhe  shafts  used  for  bhe  trials.  It  was  quite  possible  that  there  might  bavi 
present.  In  one  instance  the  experiments  were  made  in  an  upcast  shaft,  attached 
to  a  pumping  shaft  half  a  mile  distant,  and  as  the  air  appeared  bo  reverse  while  the 
dust  was  being  thrown  down  the  shaft  through  a  hand-riddle,  it  was  possible,  if  any 
gas  was  given  off  in  the  mine,  that  the  air  might  become  sufficiently  charged  with 
gas  so  as  to  form  an  explosive  mixture  at  the  instant  when  the  charges  were  tired. 
Mr.  Steavenson  seemed  to  think  the  experiments  showed  the  explosive  nature  of  the 
coal-dust  in  the  shaft,  but  he  believed  that  the  Uame  only  reached  the  top  of  the 
shaft  in  three  out  of  six  trials  at  the  White  Moss  Shaft ;  that  is,  the  flame  extended 
a  distance  of  about  (JU  yards  from  the  shot,  whereas  in  a  colliery  explosion  the  effects 
were  felt,  more  or  less,  at  very  great  distances. 

Mr.  Thus.  Bell — Did  it  not  blow  the  head  gear  down  in  one  case  ? 

M  r.  M.  Walton  Brown  said  he  did  not  think  that  the  head  gear  hat  I  been  damaged 
in  any  instance.  It  only  appeared  in  three  cases  at  the  surface  in  the  White  Muss 
experiments  with  charges  of  1  lb.  of  powder  ;  in  two  cases  the  dust  was  not  ignited, 
and  in  the  other  the  dust  was  ignited,  but  the  llame  did  not  reach  the  tup  <>f  the 
shaft.  The  second  series  of  trials,  made  by  Mr.  H.  Hall  at  the  Southport  Tit  of 
the  Haydock  Collieries,  were  made  in  a  sinking  shaft  130  yards  deep,  connected 
with  an  adjacent  sinking  shaft  by  a  short  drift  in  a  coal  seam  at  a  depth  of  100 
yards,  where  the  cannon  was  placed  upon  a  scaffold.  Six  experiments  were  made  in 
this  shaft,  with  charges  of  from  1  lb.  to  1^  lbs.  of  powder,  and  in  every  instance  the 
coal-dust  was  not  ignited.  A  third  series  of  experiments  were  made  at  the  Big  Lady 
Pit  of  the  Haydock  Collieries.  This  pit  is  210  yards  deep,  in  which  a  scaffold, 
placed  at  a  depth  of  180  yards,  supported  two  cannons.  The  downcast  (a  pumping) 
shaft  was  21  yards  distant,  and  connected  thereto  by  two  small  drifts  at  depths  of 
180  yards  and  210  yards  respectively.  The  air  in  this  case  is  reported  to  have  been 
auite  free  from  gas.  Three  sets  of  experiments  were  made  at  this  shaft.  In  the 
first  sat,  out  of  five  pairs  of  shots  in  which  from  2  lbs.  to  3  lbs.  of  powder  were  fired,  in 
three  cases  the  coal-dust  was  ignited,  and  in  two  cases  the  flames  appeared  on  the 
surface.  There  were  six  pairs  of  shots  in  the  second  set  of  experiments,  in  each  of 
which  3  lbs.  of  powder  were  used  ;  there  were  two  cases  in  which  the  ignited  dust 
did  not  appear  at  the  surface;  in  the  third  case  the  flames  reached  the  surface. 
J n  the  last  set  of  seven  experiments,  in  which  from  3  lbs.  to  4  lbs.  of  powder  were 
used,  the  dust  was  ignited  in  two  instances  ;  in  the  first  the  flame  did  not  reach  the 
surface,  but  in  the  second,  in  which  tt  cwts.  of  coal-dust  were  used,  and  the  last  of 
the  scries,  the  flame  and  smoke  issued  from  the  shaft  for  five  or  six  seconds. 
Mr.  Hall's  results  could  be  summarised  by  staling  that  the  coal-dust  was  ignited 
by  heavy  charges  of  blasting  powder  in  twelve  out  of  thirty  experiments. 
and  that  the  llame  only  appeared  at  the  surface  in  six  trials.  In  three  case?  the 
flame  traversal  a  vertical  height  of  180  yards  in  a  shaft  of  8  feet  diameter,  and  in 
three  cases  in  a  shaft  of  7  feet  diameter  if  attained  a  height  of  60  yards.     These 
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experiments  appear  to  confirm  the  conclusions  of  Messrs.  Mallard  and  Le  Chatelier — 
(1)  that  the  combustion  of  coal-dust  is  not  an  explosion,  and  such  combustion  only- 
produces  in  the  case  of  most  dusts  unimportant  mechanical  effects,  which  are 
always  inferior  to  those  of  gas  explosions,  even  in  the  case  of  the  most  inflammable 
dusts  ;  (2)  that  the  combustion  does  not  extend  over  the  whole  area  covered  with 
dust ;  (3)  that  the  length  of  dust  ignited  in  a  mine  is  proportional  to  the  intensity 
of  the  mechanical  action  which  has  raised  and  ignited  the  dusts  ;  and  (1)  that  this 
length  is  always  limited,  and  in  the  case  of  blown-out  shots  of  \  lb.  of  powder  this 
limit  does  not  exceed  65  feet  for  most  dusts,  and  only  reaches  200  feet  in  the  case 
of  very  exceptional  dusts.  It  will  be  recognised  that  in  three  of  Mr.  Hall's 
experiments,  when  1  lb.  of  powder  was  fired  the  flames  attained  a  vertical  height  of 
about  (50  +  10  =)  60  yards ;  and  when  \\  lbs.,  2\  lbs.,  and  3  lbs.  of  powder  were 
ignited  the  flames  attained  a  vertical  height  of  (ISO  +  13  =)  193  yards.  It  will 
be  recognised  if  the  flame  of  \  lb.  of  powder  and  coal-dust  was  transmitted  to  a 
horizontal  distance  of  about  200  feet,  that  it  would  not  be  inconsistent  with  Messrs. 
Mallard  and  Le  Chatelier's  conclusions,  if  the  flame  of  2\  lbs.  to  3  lbs.  of  powdei 
with  coal-dust  was  experienced  at  a  vertical  height  of  200  yards,  in  the  case  of  a  very 
exceptional  dust.  If  the  effects  of  3  lb.  of  powder  are  felt  at  a  distance  of  200  feet, 
by  proportion,  the  effects  of  '2\  lbs.  might  be  reasonably  expected  to  become 
apparent  at  a  horizontal  distance  of  even  1,000  feet.  Mr.  Barrett  asked  the  effect 
of  stemming  upon  carbonite.  This  question  had  not  been  tested  in  their  joint 
experiments,  which  were  specially  made  to  test  a  statement  of  the  manufacturers 
that  carbonite  was  safe  without  stemming.  He  might,  however,  mention,  in  a 
general  way,  that  exhaustive  experiments  made  in  Germany  and  France  showed 
that  the  length  of  stemming  had  great  effect  in  reducing  the  apparent  temperature 
of  the  explosive  and  the  possibility  of  the  ignition  of  gas.  One  speaker  suggested 
an  explosive  that  could  not  produce  flame  ;  none  of  those  invented  up  to  the  present 
time  appeared  to  have  reached  that  point.  It  was  the  fact  that  the  ignition  of  a 
gaseous  mixture  required  the  existence  of  a  certain  temperature,  and  numerous 
experiments  were  being  made  to  produce  an  explosive  substance  whose  temperature 
of  detonation  would  not  reach  that  temperature. 

The  Chaj  riian  said  that  after  this  instructive  discussion  he  would  propose  a 
vote  of  thanks  to  Mr.  M.  Walton  Brown  and  Mr.  W.  Foggin  for  bringing  so 
interesting  a  subject  before  them.  He  was  afraid  they  had  not  yet  reached  the 
nameless  explosive  period,  but  trusted  that  the  experiments  which  were  being  made 
would  induce  inventors  to  come  forward,  and  that  in  time  some  explosive  would  be 
found  which  would  be  nameless.  t?o  far  as  he  could  see,  if  the  water  cartridge 
could  be  introduced  it  would  be  an  effective  way  of  "  scotching  the  snake."  but  he 
did  not  know  that  the  experiments  with  it  had  been  very  conclusive. 

Mr.  Thos.  Bell  (H.M.  Inspector  of  Mines)  said  he  had  much  pleasure  in 
seconding  the  vote  of  thanks.  He  hoped  the  discussion  would  be  adjourned,  as 
there  would  be  a  good  deal  more  to  say  about  it. 

On  being  put  to  the  meeting  the  vote  of  thanks  was  cordially  adopted. 


•16  KMOCTKIC   MINING   SAFETY-LAMP. 


ELECTRIC   MINING  SAFETY- LA. Ml' 


The  Secretary  exhibited  two  electric  mining  safety-lamps,  Bupplied  by  the 
Mining  and  General  Electric  Lamp  Company,  at  the  request  of  Mr.  G.  B.  Forster, 
and  read  a  report  thereon  by  Professor  Frankland,  The  smaller  lamp  weighed  about 
3  Lbs.,  and  would  burn  for  upwards  of  HA  hours;  the  larger  lamp  weighed  1  lbs., 
and  was  made  to  run  7  hours.  The  light  given  by  the  two  lamps  was  respectively 
one  and  two  candles. 

The  Cuaikman — It  seems  to  be  the  best  we  have  seen.     What  is  the  price  1 

Professor  LEBOUR  said  the  price  was  about  25s. 

Mr.  H.  AYTON  said  he  had  tried  one  of  these  Lamps,  and  instead  of  giving  two 
candles,  as  it  was  supposed  to  do,  it  scarcely  gave  one. 

Professor  Lebouk  said  it  had  been  explained  that  the  lamp  Mr.  Ayton  tried  had 
not  above  half  the  capacity  of  even  the  smaller  lamp  now  exhibited. 

Mr.  STEAVENSON  said  one  of  the  dangers  of  an  electric  mining  lamp  was  that 
the  man  using  it  might  be  suffocated  before  he  was  aware  of  the  presence  of  gas. 
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FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 


GENERAL    MEETING, 
Held  in  the  Wood  Memorial  Hall.  Newcastle-upon-Tyne. 
January  21st,  1891. 


Mr.  T.  W.  Embleton,  President,  in  the  Chair. 


The  Secretary  (Mr.  M.  Walton  Brown)  reported  the  proceedings  of  the  Council 
meeting  which  had  been  held  that  morning. 

The  President  said  they  had  heard  the  report  of  the  meeting  of  the  Council, 
and  he  hoped  they  would  approve  of  their  resolutions.  It  was  high  time  now  that 
these  alterations  had  been  made  in  the  conduct  of  the  business  of  the  Institution. 
The  publication  of  the  papers,  read  by  members  and  others,  was  greatly  in  arrear. 
and  other  matters  that  ought  to  have  been  attended  to  many  months  ago  have  been 
neglected.  It  was  hoped  that,  from  the  present  time,  a  new  era  would  commence 
in  the  history  of  the  Federated  Institution,  and  that  in  the  future  no  person 
would  have  cause  for  complaint,  and  he  trusted  that  they  would  approve  the  action 
taken  by  the  Council. 

The  President's  statement  was  received  with  acclamation. 

Mr.  J.  B.  Simpson  (Blaydon)  said,  before  they  passed  to  the  formal  business  of 
the  meeting,  he  desired  to  propose  a  vote  of  thanks  to  their  late  President  (Mr.  John 
Marley).  They  were  all  aware  that  during  the  time  he  had  been  President,  Mr. 
Marley  had  put  all  his  energies  into  the  affairs  of  the  Institution,  and  they  must  all 
feel  very  sorry  that  his  illness  prevented  him  from  being  present  on  this  day ;  they 
would  all  agree  that  this  vote  of  thanks  should  be  passed  to  Mr.  Marley  for  his  past 
services  to  the  Institution  during  the  time  he  was  President,  and  that  their 
sympathy  with  him  in  his  severe  illness  should  be  recorded. 

The  President  said  he  thought  the  proposal  of  Mr.  Simpson  did  not  require 
seconding;  every  one  present  would  thoroughly  agree  with  it,  and  every  person 
would  be  the  seconder. 

This  proposal  was  cordially  adopted. 


Professor  Merivale  then  read  his  paper  on  "  The  Steam  Loop  and  Separator." 
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THE  BTEAM  LOOP  a  N I  >  BEPABATOB. 

By  Professor  T.  TT.  Mkrivai.k. 
In  proposing-to  read  a  paper  on  fchia  subject,  it  was  intended  to  have  referred  to 
whal  Beemed  to  be  a  oovel  arrangement  which  they  had  been  trying  recently  at 
Broomhill  Colliery  with  the  steam  loop  under  peculiar  conditions.  Bnl  owing  to 
various  causes,  which  need  nol  be  detailed,  the  steam  loop  is  not  yet  in  working 
order;  it  was  thought, however, thai  they  had  reached  a  stage  at  which  ^arrange- 
ment might  be  laid  before  the  members  of  the  Institution. 

The  ordinary  application  of  the  steam  loop  is  how  thoroughly  understood;  it 
has  been  put  up  al  a  good  ...any  collieries  and  other  places,  and  in  each  instance  it 
appeared  to  answer  very  sal  isfaetorily.  There  was  one  at  Broomhill  Colliery  which 
had  been  working  for  some  months. 

The  object  of  the  steam  loop  is  to  return  the  water  of  condensation  ;  i.e.,  the 
steam  condensed  to  water  in  the  steam  pipes,  to  the  boiler;  so  that  instead  of 
discharging  the  hot  water  by  means  of  steam  traps  and  so  losing  it,  the  water,  hot 
and  pure,  came  back  to  the  boilers.     The  apparatus  is  illustrated  in  Plate  XV. 

It  is  evident  that  the  steam  loop  will  return  the  water  of  condensation  when 
the  pressure,  due  to  the  vertical  height  to  which  the  water  has  to  be  raised,  is 
less  than  the  pressure  of  the  steam.  But  it  occurred  to  the  writer  that  it  might 
elevate  the  water  to  a  much  greater  height,  because  as  the  inventor  has  pointed  out 
the  water  of  condensation  passes  out.  not  as  a  solid  column  of  water,  but  as  a 
column  of  water  filled  with  small  bubbles  of  steam,  so  that  the  steam  has  not  to 
lift  a  solid  column  of  water,  but  a  column  of  water  and  steam  bubbles. 

The  suggestion  was  laid  before  the  local  agent,  who  agreed  with  the  author  that 
the  steam  loop  might  be  applicable  at  a  colliery  where  the  steam  engine  was 
below  ground  and  the  boilers  at  bank.  As  Broomhill  Colliery  was  only  330  feet 
deep,  riser  included,  they  determined  to  try  it  there,  and  Plate  XVI.  shows  the 
arrangement  of  the  steam  loop  working  from  the  bottom  of  the  pit. 

The  action  of  the  steam  loop  depends  upon  the  weight  of  the  water  in  the 
drop-leg  plus  the  pressure  of  the  steam  being  sufficient  to  force  the  water  to  return 
into  the  boiler.  Dp  to  the  present  time  the  water  has  not  been  returned  to  the 
boiler,  but  it  readily  ascends  to  the  top  of  the  shaft,  a  vertical  height  of  330  feet. 
Here  there  is  a  pressuie  of  18  lbs.,  which  is  not  sufficient  to  force  the  water  into  the 
boiler,  where  the  pressure  is  40  lbs.  This  loss  of  pressure  is  due,  no  doubt,  to 
the  fact  that  the  steam  has  to  travel  a  long  distance  through  small  pipes,  and 
becomes  practically  dead  when  it  reaches  the  surface;  but  still  more  to  an  unsatis- 
factory arrangement  of  the  pipes,  which  it  is  proposed  to  amend.  When  this  is 
done  the  author  expects  to  have  sufficient  pressure  to  force  the  water  of  condensa- 
tion into  the  boilers. 

The  experiments  prove  that  by  this  application  of  the  steam  loop,  apart  from 
forcing  the  water  into  the  boiler,  there  is  a  distinct  advantage  ;  the  hot  water  is 
raised  out  of  the  pit  where  it  is  not  wanted  to  the  surface,  where  by  the  use  of  a 
pump  it  can  be  forced  into  the  boiler.     The  experiments  will  be  continued  with 
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the  steam  loop,  and  it  is  hoped  that  it  will  become  a  success,  and  be  found  capable 
of  raising  the  condensed  water  from  the  bottom  of  the  shaft  into  the  boilers  at 
bank. 

Plate  XV.  shows  the  model  constructed  by  the  inventor  of  the  steam  loop,  for 
the  purpose  of  illustrating  its  action ;  and  is  more  complete  than  the  rough  model 
constructed  and  shown  by  the  author  of  this  paper.  A  is  the  boiler ;  B,  the  steam 
main  ;  C,  the  return  pipe  and  riser:  D,  the  horizontal  pipe;  E,  the  blow-off  pipe, 
for  the  purpose  of  clearing  the  system  of  water  before  starting ;  F,  the  back  pressure 
valve,  opening  downwards  only  ;  and  G,  the  position  of  the  separator. 


Mr.  M.  H.  Mills  (Mansfield)  said  that  Professor  Merivale  mentioned  that  the 
arrangement  had  been  tried  at  one  or  two  places.     He  would  like  to  know  where  ? 

Professor  J.  H.  Merivale  said  that  there  were  two  at  Broomhill,  one  working 
under  ordinary  conditions,  by  which  the  water  was  elevated  30  feet ;  and  he  was 
informed  that  Mr.  Blackett  had  one. 

Mr.  W.  C.  Blackett — No. 

Professor  Merivale  said  there  was  one  at  Redheugh,  and  another  at  Richard- 
sons'  paper  mills,  which  were  worked  under  ordinary  conditions.  There  is  no 
novelty  about  them  ;  but  the  point  he  wanted  to  bring  before  the  meeting  was  the 
fact  that  they  were  elevating  hot  water  over  330  feet.  He  thought  someone  might 
have  tried  it  at  a  greater  lift  than  that.  Apart  from  the  payment  of  royalty  to  the 
patentees,  there  was  no  expense  beyond  the  cost  of  the  pipes. 

Mr.  J.  A.  G.  Ross  (Newcastle)  said  he  would  like  to  ask  Professor  Merivale  if  he 
had  any  data  as  to  the  economy  of  the  system.  It  seemed  to  him  that  the  operation 
was  carried  on  entirely  by  the  condensation  of  the  steam,  consequently  the  system 
would  be  a  very  expensive  one.  Perhaps  Professor  Merivale  could  give  them  some 
information  as  to  the  increased  condensation,  from  which  some  idea  might  be 
formed  as  to  the  cost  of  applying  the  steam  loop,  as  well  as  the  method  of  working 
it? 

Mr.  J.  Hughes  (Dudley)  said  he  would  have  asked  the  same  question.  The  steam 
loop  was  very  successful  in  dealing  with  condensed  water ;  but  the  question  was, 
whether  it  would  pay  or  not.  It  was  just  possible  that  by  putting  in  pumps  one 
might  raise  the  water  with  less  expense.  In  commencing  the  operation  it  was  neces- 
sary, he  supposed,  that  a  certain  amount  of  steam  should  be  consumed  to  form  a 
vacuum.  It  would  probably  be  necessary  to  open  a  cock  somewhere  near  the  boiler 
to  let  the  steam  blow  through  and  expel  the  air  and  water  standing  in  the  pipes ; 
when  this  was  accomplished  the  cock  would  be  closed,  and  by  means  of  the  vacuum 
the  condensed  water  would  be  pushed  through  the  pipes.  The  operation  continues 
entirely  by  virtue  of  the  steam  condensing  in  the  horizontal  uncovered  length  of 
pipes  forming  part  of  the  loop.     But  the  question  was.  "  Will  it  pay  to  do  this .'  " 

Mr.  W.  C.  Blackett  (Durham)  said  he  would  like  to  ask  Professor  Merivale 
whether  the  amount  of  water  condensed  in  the  pipes  was  kept  warm  whilst  passing 
through  300  or  400  yards  of  pipes  ?  otherwise  it  would  naturally  decrease  in  temper- 
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ature  before  reaching  the  boiler;  and  there  must  be  a  large  consumption  of  steam 
to  maintain  the  temperature  of  the  water.  Mr.  Hughes  very  properly  remarked 
thai  a  pump  mighl  do  exactly  the  Bame  work  cheaper  and  better.  Perhaps 
Professor  Merivale  would  make  it  more  clear  as  to  the  economy  of  the  system? 

Professor  Arnold  Lupton  (Leeds)  said  there  was,  of  course,  do  doubt  thai  there 
was  a  great  amount  of  power  in  condensed  water ;  every  anil  of  heat  in  everypound 

of  water  was  equivalent  to  772  foot-pounds  of  work,  and  of  course  to  lift  water  up  a 
height  of  '530  feet  required  rather  more  than  330  foot-pounds  of  work  for  every 
pound  of  water  elevated  ;  it  might  take  40U  foot-pounds  to  lift  one  pound  of  water, 
but  if  the  water  was  boiling,  772  x  212  represented  the  foot-pounds  of  work  in  the 
water  ;  therefore  the  actual  percentage  of  power  necessary  to  lift  the  water  was 
insignificant  and  trifling  compared  with  the  amount  of  heat  in  the  water  lifted. 
The  question  which  arose  was  therefore  as  to  the  most  economical  way  of  lifting 
water.  A  pound  of  steam  contained  five  times  the  heat  of  1  pound  of  condensed 
water,  and  if  it  took  1  pound  of  steam  to  raise  5  pounds  of  water  up  the  tube, 
there  was  no  economy  in  lifting  the  water  up  the  tube,  but  if  it  took  less  than  1 
pound  of  steam  there  might  possibly  be  some  economy.  He  felt  sure  that  Professor 
Merivale  would  be  able  to  give  them  information  as  to  how  much  steam  was  expended 
in  returning  the  water  to  the  boiler.  He  might  remark  that  if  the  velocity  of  the 
water  in  the  pipes  was  comparatively  high  there  would  not  be  much  cooling  of  the 
water  during  its  passage  from  the  bottom  of  the  shaft  to  the  boiler,  as  it  would 
have  little  time  to  cool  in  transit. 

Professor  Merivale  said  he  could  not  offer  any  information  at  present  with 
reference  to  the  economy  of  the  arrangement,  and  it  was  very  possible  that  he  never 
would  be  able  to  do  so.  It  was  very  difficult,  as  they  were  aware,  to  conduct  experi- 
ments so  as  to  get  accurate,  and  what  he  might  call  scientific  results,  and  especially 
at  collieries,  where  the  boilers  were  all  together  and  supplying  steam  to  several 
engines.  He  had  the  practical  result,  for  they  had  previously  been  troubled  with  the 
hot  water  below  ground  and  the  steam  loop  occurred  to  him  as  a  means  of  getting 
rid  of  it,  and  if  they  could  only  get  rid  of  the  water,  apart  from  anything  else,  he 
would  be  satisfied.  With  reference  to  the  quantity  of  steam  used  there  was  this 
point  which  would  enable  one  to  form  some  idea  :  the  loop  pipe  was  1  inch  in 
diameter  and  the  steam  pipe  was  10  inches ;  if  both  pipes  had  been  kept  fully  open 
there  would  be  a  loss  of  1  per  cent.  Of  course  the  steam  loop  was  always  open 
whilst  the  steam  pipe  was  not,  but  on  the  other  hand  there  was  the  condensed  water 
filling  up  the  loop  pipe  to  a  certain  extent,  so  that  he  thought  in  an  arrangement  of 
this  kind  they  might  say  roughly  that  about  1  per  cent,  of  the  steam  was  used  in 
working  the  steam  loop.  With  reference  to  the  heat  of  the  water,  all  the  pipes  at 
Broomhill  were  covered,  a  1  inch  pipe  was  inserted  inside  a  pipe  1^  inches  dia- 
meter ;  and  the  1£  inch  pipe  from  the  top  of  the  shaft  to  the  boilers,  except 
in  the  vertical  length  or  the  drop-leg,  was  coated  with  non-conducting  composition, 
so  that  the  water  was  delivered  at  a  high  temperature.  There  was  also  the 
advantage  of  the  water  being  pure  instead  of  the  bad  water  with  which  most  of  them 
had  to  deal.     All  these  questions  must  be  considered  from  a  practical  point  of  view. 
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With  reference  to  blowing  steam  through  the  steam  loop  pipe,  of  course  they  had  to 
clear  the  pipes  to  begin  with,  but  this  was  done  once  for  all.  They  might  do  it  on 
the  first  day  of  the  year,  and  if  the  engines  were  kept  running  it  need  not  be  done 
again. 

The  President  said  he  was  glad  to  find  that  Professor  Merivale  was  continuing 
experiments  upon  the  steam  loop,  and  that  he  would  communicate  the  results  to  a 
future  meeting.  He  had  great  pleasure  in  proposing  that  a  vote  of  thanks  be  given 
to  the  Professor  for  the  very  lucid  way  in  which  he  had  explained  the  steam  loop 
by  means  of  the  model  he  had  placed  before  them. 

Mr.  J.  B.  Simpson  seconded  the  motion,  which  was  unanimously  adopted. 


DISCUSSION  ON  MR.  ALBION  T.  SNELL'S  PAPER  ON  "THE  DISTRIBU- 
TION OF  ELECTRICAL  ENERGY  OV"ER  EXTENDED  AREAS  IN 
MINES." 

Mr.  Albion  T.  Snell  (London)  said  the  discussion  to- day  was  to  he  upon  a  paper 
which  he  had  the  pleasure  to  read  to  them  twelve  months  ago  at  Sheffield,  with  a 
view  of  showing  that  more  than  one  motor  in  a  mine  could  be  driven  from  one 
dynamo  at  bank.  Fig.  11,  page  153,  Vol.  I.,  represented  what  might  be  termed  an 
ideal  colliery  as  far  as  the  electrical  arrangements  were  concerned.  The  diagram 
represented  a  plant  of  five  motors,  but  the  greatest  number  he  had  hitherto  arranged 
on  one  system  was,  he  believed,  four.  At  St.  John's  Colliery,  near  Normanton,  they 
had  six  or  seven  machines  at  work,  but  these  were  on  a  different  system  :  thus : — 

DYNAMOS. 


In  the  engine  house  were  two  large  engines,  and  t lie  dynamos  were  arranged  to 
work  the  corresponding  motors  (dynamo  1  to  motor  1.  dynamo  2  to  motor  2.  and  so 


; 
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on),  but  the  whole  system  was  interchangeable,  and  the  dynamos  could  be  con- 
nected with  any  motor  at  will.  These  remarks  wen-  only  intended  us  introductory, 
and  if  the  members  would  crit  icise  I  be  paper  be  would  endeavour  to  reply. 

Mr.  Sydney  F.  WaLKEB  sent  the  following  communication,  which  wus  read  by 
the  Secretary : — 

Firstly,  as  to  the  voltage  that  should  be  used,  I  observe  that,  while  Mr.  Bnell 
statis  that  at  the  time  his  paper  was  written  he  had  not  used  a  higher  voltage 
than  725  volts  (though  he  had  designed  a  pair  of  motors  for  use  with  1,000  volts), 
be  states  rat  her  regretfully  that  he  fears  that  not  more  than  500  volts  will  be  used  as  a 
regular  thing.  He  is  evidently  in  favour  of  higher  voltages.  I  would,  on  the  contrary, 
most  strongly  advise  mining  engineers  who  think  of  adopting  electricity  as  a  means 
of  transmitting  power  not  to  use  higher  voltages  than  they  can  help.  If  possible,  the 
voltage  used  should  not  exceed  100  or  110  volts — that  used  for  the  ordinary  incan- 
descent lamp  service — until  the  ordinary  workmen  are  more  familiar  with  electricity, 
and  for  the  following  reasons  : — 

(a)  It  will  simplify  the  working  of  the  electrical  plant  at  a  colliery  if  the  lights 
and  motors  can  be  supplied  from  one  source,  the  motors  being  reckoned,  as  I  will 
show  later,  merely  as  so  many  lamps  according  to  the  load  on  them.  I  am  aware,  of 
course,  that  it  is  possible  to  run  100  volt  lamps  from,  say,  a  500  volt  service,  but  it 
is  only  by  calling  in  the  aid  of  the  complicated  parallel  series  system  of  connections 
that  are  sure  to  give  trouble  in  mines,  and  which  necessitates  a  number  of  lamps 
being  fixed  where  perhaps  only  one  may  he  required. 

(i5»)  On  account  of  the  difficulty  of  maintaining  the  insulation  of  cables  and  other 
apparatus  in  mines  as  the  voltage  is  increased.  High  tension  dynamos  in  use  at  the 
present  time  (those  furnishing  1,000  volts  and  upwards)  never  are  properly  insulated 
under  any  circumstances,  though  they  are  sufficiently  so  for  ordinary  work  on  the 
surface.  The  result  of  this  defective  insulation,  which  is  approximately  in  propor- 
tion to  the  voltage  used,  is  that  a  small  current  is  always  passing  through  the 
insulating  material  itself  and  gradually  altering  its  nature  by  the  process  known  as 
electrolysis,  thereby  decreasing  the  actual  insulation,  whatever  it  may  be,  with 
which  the  system  started.  This  is  particularly  the  case  in  a  mine  where  the  cables, 
the  lamp,  and  switch  fittings,  and  the  motors,  are  subject  ti  i  so  many  things  that  they 
would  not  meet  with  on  the  surface  ;  and  where  the  rails,  the  ropes,  even  the  mass 
of  the  coal  or  metallic  ore,  of  which  the  mine  itself  is  composed,  take  part  in  the 
action,  as  when  once  the  insulation  of  either  dynamo,  generator,  or  motor,  or  of  any 
other  part  of  the  apparatus  is  defective,  the  whole  of  the  mine  becomes  a  path  for 
the  leakage  current. 

(c)  My  third  and  gravest  reason  for  recommending  so  strongly  that  only  low 
voltages  should  be  used  in  mines  is  the  great  danger  of  shock  to  those  using  the 
apparatus,  or  who  may  occasionally  be  brought  into  contact  with  it.  It  should  be 
remembered  that,  though  the  shock  from  a  current  at  a  pressure  of  300  volts  or  even 
500  volts  is  rarely  dangerous  per  se  ;  that  is  to  say,  if  a  man  receives  a  shock  of 
even  500  volts  and  nothing  else,  it  is  not  often  that  he  receives  injury  ;  yet  coming 
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as  it  may  do  quite  unexpectedly,  it  may  throw  him  into  a  position,  say  in  front  of  a 
journey  of  trams,  whereby  he  will  receive  very  severe  injuries.  I  know  that  in  the 
ordinary  course  of  my  business  I'have  often  been  standing  in  a  mine  waiting  for  a 
journey  to  go  by,  where  I  should  have  been  very  sorry  to  have  received  a  sudden, 
sharp  shock. 

In  addition  to  this,  also,  should  the  circuit  be  broken,  or  the  strength  of  the 
current  passing  in  the  circuit  be  varied  largely  at  the  moment  when  contact  is  made 
by  a  man  working  in  the  mine,  with  some  part  of  the  apparatus,  he  may  receive  a 
momentary  shock  many  times  greater  than  the  normal  voltage  of  the  system,  owing 
to  what  Faraday  called  the  extra  current,  the  E.M.F.  induced  within  the  coils  of 
the  dynamo  itself,  which  is  added  to  and  multiplies  the  normal  voltage  of  the 
dynamo.  So  that,  it  is  quite  possible,  with  a  normal  voltage  of  only  500  volt<  to 
receive  the  momentary  shock  of  2,000  volts,  which  is  sufficient  to  cause  instant 
death. 

Secondly,  I  note  that  Mr.  Snell  rather  hesitatingly  allows  the  use  of  a  naked 
return  in  certain  cases.  His  only  reason  for  condemning  it  would  be  the  possibility 
of  motors  not  working  well  under  certain  conditions  if  a  naked  return  is  ti- 

I  would  most  unhesitatingly  condemn  the  use  of  the  naked  return  under  any 
circumstances,  and  for  the  reason  already  hinted,  that  it  enormously  increases  the 
possibility  of  shock,  and  the  difficulties  attendant  upon  the  preservation  of  the 
insulation  of  the  system. 

If  a  naked  return  is  used,  the  whole  mine  becomes  at  once  a  portion  of  the  return 
circuit,  and  any  trifling  fault  that  would  not  become  serious  for  a  long  time  if  the 
whole  system  were  insulated,  becomes  at  once  serious,  as  the  other  side  of  the 
circuit  is  met  with  everywhere. 

The  troubles  that  have  been  described  in  dealing  with  the  matter  of  voltage  are 
all  increased  considerably,  and  for  the  same  reason.  The  leakage  current  finds  a 
very  much  ea  ier  path  than  even  with  imperfect  insulation.  And  lastly,  but  by  no 
means  least,  the  dangers  to  users  are  also  enormously  increased.  With  two  cables 
perfectly  insulated,  a  man  must  place  two  portions  of  his  body,  say  his  two  hands, 
in  contact  one  with  each  cable,  or  something  connected  with  it.  Where  a  naked 
return  is  used  he  is  already  in  connection  with  one  side  of  the  system  wherever  he 
may  stand  in  the- mine,  except,  perhaps,  on  the  hard  dry  wood  floor  of  an  engine 
house,  if  such  a  thing  exists.  He  has  then  only  to  touch  a  bare  place  in  the  cable, 
a  bare  terminal  of  a  motor,  switch,  or  other  apparatus,  and  a  current  will  immediately 
pass  through  him  to  the  other  side  of  the  system  by  way  of  his  feet  and  his  b 
The  violence  of  shock  he  gets  will  depend  upon  the  voltage  of  the  system,  and  the 
state  of  his  hands,  his  feet,  and  his  boots  at  the  time.  If  these  are  all  wet  he  mav 
get  a  severe  shock  from  even  200  or  300  volts,  and  even  from  a  lower  voltage  than 
these,  if  the  circuit  be  broken  or  its  current  changed  at  the  same  time.  It  is 
partly  from  this  cause  that  so  many  deaths  have  occurred  in  the  United  States 
and  elsewhere  from  men  incautiously  touching  arc  lamps. 

I  am  aware  that  the  alternative  to  the  use  of  naked  returns  and  comparatively 
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high  voltages  Is  the  ase  of  Larger  and  move  expensive  cables,  meaning,  possibly, 
slower  progress  in  the  development  of  the  electrical  power  industry.  Hut  1  believe 
thai  it  will  be  far  better  for  us  to  more  slowly  than  to  have  the  Bel  back  thai  would 
be  caused  by  a  death  in  a  mine  from  shock.     I  am  also  aware  thai  it  will  not  be  an 

everyday    occurre !    Eor   a     man    to    place   himself    in    the    dangerouB    positions 

indicated;  but  it  is  also  well  to  remember  thai  Buch  an  occurrence  may  take  place 
any  day,  and  should  therefore  be  provided  against  as  far  as  possible.  As  workmen 
become  more  familiar  with  the  properties  of  electric  currents  it  will  be  quite  safe 
to  use  higher  and  higher  voltages,  just  as  the  intense  heats  of  the  blast  furnace  and 
the  B  Bsemer  are  easily  dealt  with  by  men  accustomed  to  them,  where  they  would 
be  highly  dangerous  to  those  nol  so  accustomed.  It  should  also  be  mentioned  that 
the  use  of  a  naked  return  very  much  increases  the  danger  and  possibility  of  sparks. 
a  cable  may  rub  its  insulation  through  on  the  edge  of  a  metal  plate  or  bracket,  and 
sparks  would  be  very  liable  to  pass  between  the  two,  as  the  metal  would  almost 
certainly  be  connected  directly  or  indirectly  to  the  return.  I  should  also  mention 
that  the  above  is  taken  very  largely  from  actual  observation,  and  from  reports  that 
have  been  made  to  me  of  what  has  actually  taken  place  in  mines;  the  argument 
merely  being  filled  in  by  reducing  the  phenomena  involved  in  these  cases  to  the 
principles  of  electrical  engineering. 

Thirdly,  I  would  also  strongly  condemn  the  use  of  old  wire  ropes  in  mines,  either 
for  main  or  return,  and  this  in  spite  of  the  success  that  has,  I  understand,  so  far 
attended  the  work  of  Mr.  Sopwith  and  others  in  this  direction.  All  that  has  been 
said  above  is  true  of  the  use  of  old  wire  ropes,  but  in  a  very  much  more  dangerous 
form.  If  insulation  is  difficult  with  a  naked  return,  it  is  almost  impossible  with 
two  naked  mains,  and  therefore  the  use  of  tensions  such  as  300  and  500  volts, 
which  may  be  comparatively  safe  while  the  installation  is  new  and  the  insulation 
very  high,  would  be  positively  dangerous  under  any  circumstances  where  two  naked 
mains  are  used.  Further,  with  80  and  100  volts,  which  are  the  voltages,  I  under- 
stand that  Mr.  Sopwith  uses,  and  far  more  with  higher  voltages,  there  is  very  great 
danger  of  sparks.  It  is  quite  easy  to  place  the  two  ropes  out  of  sparking  distance  of 
each  otber,  but  it  is  almost,  if  not  quite,  impossible  to  prevent  each  of  them  from 
making  connection  with  other  masses  of  metal,  which  in  turn  may  make  contact 
with  yet  other  metals,  and  so  two  adjacent  pieces  of  metal  far  removed  from  either 
dynamo  or  mains  may  be  in  connection  with  the  opposite  poles,  plus  and  minus,  of 
the  system,  and  give  rise  to  sparks  when  some  vibration  cau  ;es  them  to  separate  for 
a  moment.  I  have  seen  this  actually  take  place  in  a  mine  in  South  Wales,  very 
much  to  rny  own  surprise,  though  I  had  ventured  to  prophesy  some  little  time 
previously  that  there  was  a  danger  of  such  a  thing  happening,  and  I  had  been  sent 
for  in  triumph  to  see  that  my  prophecies — this  and  some  others  which  also  came 
true — were  only  old  woman's  croakings. 

I  would  also  point  out  that  the  conditions  present  in  Mr.  Sopwith's  case  can 
rarely  be  present  in  others.  I  understand  that  when  Mr.  Sopwith  determined  to 
adopt  electric  light,  he  first  studied  all  that  was  written  on  the  subject,  and  as  far 
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as  was  possible,  mastered  his  subject  before  going  into  it.  I  believe  that  a  paper  I 
wrote  on  electric  lighting  for  the  North  of  England  Institute  had  the  honour  of 
being  well  thumbed.  Further,  once  started  in  this  way,  his  whole  staff  taking  the 
same  interest  in  the  matter  as  himself,  failures  were  only  experience  which  led  to 
success. 

I  believe  I  am  right  in  saying,  however,  that  few  colliery  managers  have  time  to 
follow  in  Mr.  Sopwith's  footsteps  ;  and  meanwhile  Providence  appears  to  have  been 
very  kind  to  him  in  dealing  with  his  electrical  apparatus  very  gently. 

I  should  also  like  to  point  out  that  in  Fig.  4,  page  145,  Vol.  I.,  showing  the  char- 
acteristic curve  of  the  series  dynamo,  Mr.  Snell  has  left  out  the  most  important  part 
of  the  curve.  As  shown  it  would  appear  that,  with  constant  speed,  the  E.M.F.  rises 
with  the  current  to  a  maximum,  and  then  stops.  This  is  not  so,  though  in  showing 
the  curve  in  this  form,  Mr.  Snell  sins  with  the  majority  of  the  text  books.  The  curve 
bends  over  after  a  certain  current  is  reached,  and  the  E.M.F.  then  becomes  less  and 
less  with  every  increment  of  current.  The  reason  is,  that  with  constant  speed,  the 
E.M.F  is  proportional  to  the  strength  of  the  magnetic  field  in  which  the  armature 
of  the  dynamo  revolves  ;  and  this  is  proportional  to  the  current  strength  in  the  wire 
coils  on  the  field  magnets  as  long  as  the  iron  of  which  they  are  composed  is  only 
lightly  magnetized.  As  the  magnetism  increases,  the  magnetic  resistance  increases 
till  the  increased  current  does  not  bring  sufficient  increased  E.M.F.  to  pay  its  own 
toll  for  passing  through  the  wire  of  the  field-magnet  coils  ;  and  then  the  E.M.F 
declines.  This  feature  has  been  found  of  great  importance  in  the  construction 
of  dynamos  for  arc  lighting,  and  will  also  prove  to  be  so  in  that  of  motors.  I 
would  moreover  draw  attention  to  the  fact  that  Mr.  Snell  alludes  to  a  varying  E.M.F. 
at  the  motor  terminals,  with  a  constant  E.M.F.  supply,  owing  to  varying  current, 
of  course  from  varying  load.  I  do  not  think  that  this  need  be  so,  or  should  be  allowed 
to  be  so.  We  do  not  permit  a  variation  in  the  E.M.F.  at  the  terminals  of  electric 
lamps  that  will  cause  a  noticeable  variation  in  the  light,  and  we  arrange  this  by 
finding  out  what  variation  in  the  lamp  is  allowable,  and  calculating  the  size  of  the 
mains  to  allow  of  only  this  variation  of  E.M.F.  under  the  regular  conditions  of  use 
in  the  mine  or  wherever  iC  may  be.  My  view  is  that  the  same  thing  should  be  done 
with  supply  cables  for  motor  purposes  :  and  further,  that  the  regulation  should  be 
done  entirely  within  the  motor  for  its  own  work,  and  not  by  means  of  variable 
resistances  or  by  varying  the  speed  of  the  engine  as  is  now  often  done. 

Whether  a  motor  runs  light  or  with  a  heavy  or  medium  load,  means  merely  with 
constant  E.M.F.  supply,  that  it  absorbs  more  or  less  current,  and  any  variation  in 
its  load  is  equivalent  under  those  conditions  to  variation  in  the  number  of  lights 
burning. 

If  the  E.M.F.  at  the  terminals  of  the  motor  is  also  allowed  to  vary,  as  it  will  do 
if  the  cables  are  not  large  enough  to  maintain  it  constant,  other  and  troublesome 
complications  come  in.  In  my  view,  there  should  be  one  voltage  for  all  the  work, 
and  the  supply  at  any  part  of  the  mine  should  be  at  as  constant  an  E.M.F.  as 
possible.      With  this  arrangement   the  whole  thing  becomes  simplicity  itself.     I 
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would  also  recommend  the  use  of  a  compound-wound  dynamo  as  generator  and 
either  series  or  compound-wound  motors,  the  whole  run  oil  what  is  known  as  the 
simple-parallel  system. 

I  trust  that  in  the  above  remarks  I  may  not  be  taken  to  disparage  any  of  the 
work  Mr.  Bnell  has  done.  So  far  as  I  have  seen  his  work  has  been  remarkably 
good,  ami  lit-  has  done  good  service  to  the  cause.  I  bave  merely  endeavoured  to 
point  out  dangers  which  are  perhaps  more  apparent  to  me.  from  my  longer  acquaint- 
ance with  mining  work. 

Mi.  A.  L.  Steavexsox  (Durham)  said  the  paper  did  great  credit  to  the  writer, 
who  was  evidently  a  man  of  science  and  who  had  had  much  experience  in 
electricity,  but  it  was  doubtful  whether  be  had  had  much  experience  in  mining,  and 
those  who  had  had  experience  in  mining  had  probably  not  had  much  experience  in 
electricity,  and  each  were  ignorant  of  the  necessities  of  the  other.  If  the  mining 
engineer  was  not  aware  of  the  dangers  which  occurred  through  electricity,  and  the 
electrician  was  not  able  to  realise  the  immense  danger  that  might  accrue  through 
setting  the  shaft  or  mine  on  fire,  they  might  both  from  ignorance  commit  great 
mistakes.  Thirty-six  years  ago  he  happened  to  hear  that  a  colliery  shaft  was  on 
fire;  he  found  that  they  had  only  one  pit,  and  some  seventy  men  were  below.  The 
night  was  spent  in  trying  to  get  the  fire  out,  and  they  succeeded  so  far  that  by 
morning  they  were  able  to  blow  the  remains  of  the  fire  out  by  throwing  a  cask  of 
gunpowder  down  the  pit ;  but  he  was  so  impressed  with  the  dangers  of  fire  on 
that  occasion  that  he  would  never  forget  it.  They  all  knew  that  if  a  fire  broke  out 
on  a  wagon-way,  or  other  place,  where  there  was  a  large  supply  of  air.  it  was  practi- 
cally impossible  to  rescue  the  men  who  might  be  on  the  in-bye  side  of  it.  These 
were  the  risks  attending  the  use  of  electricity  in  mines,  for  no  doubt  that  as  soon 
as  electricity  escapes  it  becomes  fire.  Nobody  knew  exactly  what  electricity  was, 
but  it  was  probably  some  form  of  motion,  the  same  as  heat,  and  that  instead  of 
carrying  ropes  and  wires  about,  as  they  supposed,  they  were  in  reality  carrying 
fire  about  the  mine.  They  might  consider  he  was  an  old  fogey,  who  was  not 
inclined  to  try  anything  new,  but  a  fire,  whether  from  electricity  or  not.  was  a  very 
serious  matter  for  all  concerned.  In  the  case  of  the  shaft  on  the  diagram  (Fig.  11, 
page  153,  Vol.  I.),  what  better  means  could  be  adopted  for  drawing  water  from  the 
bottom  than  the  ordinary  quadrant  and  spears,  which  gave  from  70  to  75  per  cent,  of 
useful  effect.  That  was  a  result  beyond  dispute,  and  would  be  proved  by  applica- 
tion to  any  of  the  water-works  people,  or  anybody  who  had  had  any  experience  in 
the  matter.  Mr.  Snell  stated  that  he  got  45  per  cent. ;  he  therefore  lost  30  per 
cent.,  in  addition  to  the  risk  of  setting  lire  to  the  pit.  The  preliminary  part  of  the 
paper  was  entirely  electrical,  and  they  who  were  mining  engineers  were  not  able  to 
dispute  it ;  no  doubt  it  was  very  ably  written,  and  was  a  valuable  paper  on  the  sub- 
ject. The  writer  said  he  had  not  used  more  than  725  volts ;  he  (Mr.  Steavenson) 
thought  he  could  show  that  that  was  a  dangerous  pressure  at  which  to  use  electri- 
city, not.  only  dangerous  to  human  life,  but  dangerous  as  increasing  the  risk  of  fire. 
He  had  with  him  a  little  note-book  in  which  he  kept  a  few  memoranda  on  the 
subject  of  electricity,  the  following  were  a  few  recent  extracts :— 
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For  instance,  in  a  lecture  recently  before  the  Society  of  Art.-,  by  Messrs.  Lawrence 
and  Harries,  it  is  said  with  reference  to  contact,  the  resistance  offered  by  the  body, 
depends  upon  the  extent  of  the  contact  area,  and  the  condition  of  the  skin  at  the  sites 
of  contact,  varying  from  1,510  ohms  wet  to  6,185  dry,  showing  that  when  both 
circumstances  happen  to  be  unfavourable  "  the  subject  may  receive  .-erious.  if  not 
fatal,  injury  from  a  circuit  which  might  be  safely  handled  under  conditions  more 
favourable  to  himself," — and  the  authors  go  on  to  note  "with  regret  that  there  is  a 
tendency  among  electrical  engineers  to  draw  unfair  inferences  from  the  slight  results 
which  have  sometimes  followed  accidental  contact." 

In  the  Colliery  Guardian,  in  an  article  on  "  Dangers  of  Electricity  in  Mine-." 
Feb.  27th,  1890,  we  read  : — "  If  the  normal  tension  be  high  the  shock  received  on 
breaking  circuit  may  and  often  has  caused  instant  death ;  probably  owing  to  the 
sudden  very  violent  contraction  of  some  vital  organ.  And,  if,  in  addition  to  this,  the 
current  is  not  extinguished  on  breaking  circuit,  the  result  of  such  a  shock,  from  even 
such  moderate  normal  voltages  as  300  volts  and  500  volt-,  may  have  the  same  effect 
as  the  shock  from  a  2,000  volt  current  in  the  ordinary  way.  It  is  for  this  reason  that 
the  writer  strongly  recommends  that  the  voltage  used  for  transmitting  power  in 
mines  for  pumping,  hauling,  etc..  should  be  kept  as  low  as  possible  until  those  about 
the  mine  are  more  conversant  with  the  properties  of  the  electric  current.  Instead  of 
the  500  volts  and  300  volts  at  present  in  use.  in  most  cases  he  would  recommend  that 
100  or  110  volts,  the  electro-motive  force  generally  used  on  incandescent  lamp 
circuits,  should  be  adopted.  It  should  be  remembered  that  in  a  mine,  even  if  the 
shock  a  man  receives  does  not  injure  him.  it  may.  coming  unexpectedly  as  it  usually 
does,  throw  him  into  a  position  among  moving  ropes  or  machinery,  where  he  may 
receive  a  severe  injury." 

With  respect  to  fires,  one  or  two  extracts  out  of  many  will  suffice,  all  showing,  of 
course,  that  if  everything  goes  right  no  harm  is  done,  but  if  anything  goes  wrong  (and 
we  know  fire  in  a  mine  is  not  a  question  to  be  left  to  chance)  then  the  case  is  serious 
indeed.  Thus.  Mr.  Preece.  F.R.S..  addressing  the  Society  of  Telegraph  Engineers  and 
Electricians  (see  Engineering,  May  13th.  1888)  says  : — "  At  Derby  a  fire  was  caused 
by  a  short  circuit  arising  between  the  leads  to  a  lamp  and  a  tin  shade  behind  it." 

'•  On  Sunday  night,  in  the  Comedia  Theatre.  Madrid,  an  alarm  of  fire  was  raised. 
There  was  immediately  complete  darkness  in  the  theatre,  and  the  consequences  of  the 
panic  might  have  been  serious  but  for  the  presence  of  mind  of  some  of  the  audience. 
The  theatre  is  lighted  by  electricity,  and  through  the  contact  of  imperfectly  covered 
wires  the  canvas  in  the  side  scenes  had  caught  fire.  In  Spain,  as  in  England,  the 
le-son  is  not  yet  well  learned  that  the  care  which  is  necessary  to  prevent  fire  from 
the  use  of  gas  cannot  be  dispensed  with  in  the  case  of  electricity.'" — In<n  find  Coal 
Trades  Review,  December  2«th.  1890. 

■•  A  spark  will  pa-s  also  if  a  conductor  in  which  a  current  i-  passing  be  severed, 
say  a  cable  parted  by  roof  falling-  on  it.  or  a  wire  cut  by  a  knife  orother  sharp  instru- 
ment.  Another  point  where  spark <  pas-  is  at  the  commutator  of  the  dynamo,  or 
motor.     The  armature  of  the  dynamo  is  composed  of  a  number  of  coils  of  wire  which 
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are  connected  to  the  copper  segments  of  the  commutator,  and  that  which  is  true 
of  electric  lighting  applies  equally  to  transmission  of  power." — Iron  and  Coal  Trades 
Review,  March  27th,  1890. 

Rata  and  mice  were  a  source  of  great  danger,  OS  was  t he  practice  of  burying 
insulated  wires  in  cement  during  the  building  of  a  house.  Another  great  danger  was 
overloading  the  main.  Had  joints  were,  however,  the  greatest  danger,  and  soldered 
joints  generally  considered  essential  ;  joints  depending  on  screws  should  be  avoided. 
In  one  installation,  he  knew,  there  were  6,000  joints  of  this  character,  each  of  which 
might  sooner  or  later  be  a  source  of  grave  danger  of  "  cut-outs."  He  said  thai  it  was 
well  known  those  were  dangerous  if  not  properly  looked  after,  as  was  also  the  case 
with  switches. 

With  regard  to  the  insulating  material,  what  was  wanted  was  an  insulating 
medium  that  was  non-inflammable,  but  very  few,  if  any,  now  in  use  were  of  this 
character. 

Mr.  J.  W.  Swan  said  when  he  first  showed  his  incandescent  lamp,  Mr.  Preece 
raised  the  question  of  risk  of  fire  ;  he  then  thought  Mr.  Preece  was  pitching  his 
note  in  too  high  a  key,  but  he  had  since  altered  his  opinion,  serious  mistakes  being 
made  by  even  good  electricians. 

Many  cases  of  fires  from  electric  wires  could  be  cited  if  necessary,  it  has  been  said 
that  similar  risks  occur  from  candles,  but  that  is  not  so  :  when  a  fire  begins  from  a 
naked  light,  someone  is  always  there  to  extinguish  it;  but  we  have  miles  of 
electric  wires,  and  no  one  near  to  see  a  fire  until  it  is  too  late. 

He  did  not  suppose  anybody  would  be  foolish  enough  to  take  electricity  into  any 
place  where  there  was  a  possibility  of  an  explosion,  but  his  remarks  were  now  in 
reference  to  places  free  from  gas,  such  as  wagonways,  shafts,  etc.  Reference  was 
made  in  the  paper  to  the  great  distance  to  which  electrical  power  could  be  carried, 
but  usually  they  did  not  require  it  carried  to  any  great  distance  ;  about  2.000  yards 
was  all  they  required,  and  when  the  distance  was  as  great  as  5,000  or  6,000  yards  it 
did  not  come  within  their  scope.  In  conclusion,  he  wanted  particularly  to  impress 
upon  the  members  that  there  was  really  no  great  gain,  if  any,  by  using  electricity. 
If  there  was  not  room  in  the  shaft  for  a  pump  he  would  advise  the  use  of  hydraulic 
power.  On  the  top  he  would  have  a  pressure  of  500  to  700  lbs.  upon  the  square  inch. 
If  he  had  to  pump  a  long  way  in-bye  he  would  take  the  alternative  of  compressed 
air  or  ropes.  His  impression  was  that  although  in  some  cases  electricity  was  desir- 
able, these  cases  were  very  few  and  far  between,  and  the  risk  of  setting  the  pit  on 
fire  with  the  electrical  wires  was  a  very  serious  one  to  run. 

Mr.  M.  H.  Mills  said  the  remarks  of  Mr.  Steavenson  were  very  valuable, 
especially  to  young  members  who  were  inclined  to  go  ahead  ;  electricity  seemed  to 
be  a  matter  which  required  a  great  deal  of  study,  and  there  was  every  reason  why  it 
should  be  added  to  the  studies  of  the  mining  engineer  ;  the  great  danger  seemed  to 
be  in  having  the  positive  and  negative  wires  together.  Why  not  have  them  separate  ? 
Whv  not  take  the  positive  wire  down  one  pit  and  the  negative  down  the  other  ?  Mr. 
Steavenson  seemed  to  think  that  there  were  not  many  cases  where  clectricitv  was  of 
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real  value,  but  there  were  ;  in  some  of  their  large  collieries  where  ropes  were  used  it 
was  not  always  advisable  or  convenient  to  be  continually  running  them  if  there  was 
only  a  little  water.  There  was  no  doubt  electricity  would  be  more  generally  used  in 
the  future.  He  would  like  to  ask  if  there  was  any  difficulty  about  sparks  escaping 
at  the  motor? 

Mr.  E.  Browx  (Xormanton)  said  the  dangers  were  more  apparent  than  real. 
At  the  St.  John's  Collieries  they  had  had  three  years'  experience  with  the  dynamos 
and  motors  at  700  volts  ;  they  had  not  got  of  without  slight  shocks,  which  were 
rather  unpleasant,  but  they  had  done  no  harm.  The  few  shocks  he  had  received 
himself  were  when  they  first  started  the  use  of  electricity  and  when  thev  were 
ignorant  about  it.  It  would  be  a  step  backwards  now  to  put  down  a  plant  at  less 
than  700  volts.  Nobody  thought  because  a  steam  pipe  happened  to  burst  at  50  lbs. 
per  square  inch  that  they  should  go  back  to  30  !  The  voltage  would  probably  be 
higher  as  they  got  to  know  more  about  the  subject.  At  St.  John's  Collieries  they 
commenced  with  electricity  at  a  much  lower  E.M.F..  but  they  soon  increased 
it  to  700  volts  and  he  thought  they  would  continue  at  that.  He  quite  agreed 
with  Mr.  SneU'*  system  of  transformers  for  small  motors,  but  where  it  was 
possible  to  run  up  to  30  horse-power,  they  should  keep  to  700  volts.  There  wa*  not 
so  much  danger  and  trouble  as  was  generally  supposed,  but  it  generally  arose  through 
people  not  giving  sufficient  thought  to  the  matter  :  they  were  not  accustomed  to  it : 
but  after  having  had  a  motor  of  700  volts  a  few  months  they  would  be  able  to  manage 
it  as  well  as  they  now  did  at  St.  John's  Collieries  after  three  years'  experience. 
Compressed  air  was  not,  in  his  opinion,  to  be  compared  with  electricity.  A  pair  of 
2O5  inch  engines  did  twice  as  much  work  with  electricity  as  three  did  before  with 
compressed  air.  If  they  had  continued  with  compressed  air  they  would  have  had 
to  put  down  more  compressors  and  this  would  have  meant  more  boilers. 

Mr.  Steavexsox  said  he  understood  the  last  speaker  to  say  that  compressed  air 
was  superseded  at  St.  John's  by  electricity.  Well,  he  had  seen  the  plant  at  that 
colliery,  which  had  been  very  imperfect.  Was  not  the  compressed  air  worked  direct 
from  the  engine  ? 

Mr.  Browx — Yes. 

Mr.  Steavexsox — And  the  engines  that  would  not  do  the  work  with  compressed 
air  did  it  with  electricity,  because  when  you  took  away  the  compressed  air  you 
increased  the  revolutions  and  therefore  the  engines  did  more  work. 

Mr.  Browx — I  indicated  the  engines  when  they  were  compressing  air:  they 
formerly  ran  up  to  fifty  revolutions  per  minute — they  still  run  at  fifty,  but  indicate 
less  horse-power,  although  doing  more  work  in  the  pit :  we  simply  put  the  shafting 
on  to  increase  the  speed  for  driving  the  dynamos.  This  increased  duty  is  easily 
explained,  as  we  are  now  getting  an  efficiency  of  50  per  cent.  l.y  our  electric  transmis- 
sion :  but  with  compressed  air  I  think  in  ordinary  work  25  per  cent,  is  not  exceeded. 

Mr.  Stea  vexsox.—  If  you  had  cooled  the  air  during  compression  by  a  proper  injec- 
tion of  water,  the  same  engine  would  have  done  the  work  as  well  as  by  the  dynamos. 

Professor  Arxold  Luptox  agreed  with  a  good  deal  of  what  Mr.  Steavenson 
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had  said,  and  also  with  a  good  ileal  of  what  Mi.  Brown  bad  said,  ami  he  would 
like  to  venture  one  or  two  criticisms  on  the  paper.  Firstly:  The  writer  said  he 
would  have  a  comparatively  high  tension — not  what  electricians  would  call  high 
tension,  nothing  like  in. nun  volts,  buJ  a  comparatively  hjgh  tension  — coming  down 
the  shaft  to  a  transformer  in  the  workings,  and  then  he  would  take  low  tension 
electricity  from  this  transformer  to  the  machines  farther  in-bye.  Bow. far  would 
Mr.  Snell  Hx  the  transformer  from  the  dynamo.'  On  looking  at  the  diagram  (Fig. 
11,  page  153,  Vol.  1.)  it  did  not  appear  to  be  a  very  great  distance.  The  diagram 
shows  a  shaft  of,  say,  300  yards  in  depth,  and  one  <>f  the  motors  perhaps  500  yards 
from  the  dynamo,  the  other  1,300  yards  fait  her  away.  Was  it  proposed  to  have 
the  1,300  yards  on  the  low  tension,  and  the  500  yards  on  the  high  tension,  or 
vice-versa .'  If  it  was  proposed  to  have  it  thus,  was  it  worth  while  having  a 
transformer.'  Could  not  the  mains  be  thickened  for  the  first  500  yards  and  be 
continued  on  the  low  tension  all  the  way?  Mr.  Snell  would  perhaps  make  that 
plain  in  his  reply.  At  present  he  (Mr.  Lupton)  understood  the  paper  to  propose  to 
introduce  high  tension  in  the  shaft  in  order  to  economise  in  the  thickness  of  the 
main  lead,  and  be  inferred  that  this  economy  was  between  the  dynamo  and  the 
transformer.  If  the  transformers  were  tolerably  near  the  shaft  bottom  the  length 
of  high  tension  wire  was  only  short;  if  the  transformer  was  a  long  way  in-bye,  then 
the  difficulties  of  high  tension  were  existing  over  a  great  part  of  the  mine. 
Secondly:  Mr.  Snell  claimed  superiority  for  electricity  over  other  means  of  trans- 
mission. If  there  was  the  transformer,  what  became  of  the  economy  of  transmission, 
supposing  it  to  have  existed  before?  He  understood  the  transformer  to  be — as  was 
the  rule  with  all  continuous  current  transformers — a  motor  driven  by  the  original 
dynamo,  which  motor  drives  another  dynamo,  which  dynamo  gives  off  the  low 
tension  current ;  thus  the  transformer  constitutes  itself  a  motor  and  a  dynamo  intro- 
duced between  the  original  dynamo  and  the  motor,  working  a  pump,  or  coal-getter, 
whatever  it  might  be.  Now,  how  much  of  the  power  would  that  motor  and 
dynamo  absorb?  The  speaker  would  fix  it  at  20  per  cent,  in  his  own  mind.  Mr. 
Snell  had  written  a  useful  and  interesting  paper,  in  which  he  said  that  the  loss 
of  horse-power  in  transmitting  the  power  to  the  dynamo  axis  in  electrical  measure- 
ment varied  from  15  to  6  per  cent. ;  that  is,  85  to  94  per  cent,  was  realised, 
and  it  was  to  be  gathered — though  it  was  not  so  clearly  stated — that  the  loss  in 
transforming  electrical  energy  into  mechanical  force  was  much  the  same,  so  that  in 
each  transformer  (which  was  motor  and  dynamo  together)  there  would  be  a  loss  of 
from  12  as  a  minimum  to  30  as  a  maximum,  which  might  be  averaged  at  20  per 
cent.  Thus  there  was  20  per  cent,  loss  introduced  into  the  system  for  the  sake  of 
making  it  applicable  to  the  small  motors  in  the  one  case  and  to  the  high  tension  in 
the  other  case.  With  regard  to  the  cost  of  the  transformer,  Mr.  Snell  mentioned 
£8  per  horse-power.  What  kind  of  a  transformer  was  it  that  would  cost  only  £8 
per  horse-power  ?  Was  it  a  shunt  wound,  compound  wound,  or  series  wound  trans- 
former ?  He  thought  the  motor  would  be  series  wound.  Would  the  dynamo — the 
transformer  dynamo — be  compound  wound,  the  same  as  the  original  dynamo  in  the 
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engine  house?  If  so,  could  that  be  supplied  at  a  cost  of  £8  per  horse-power  .'  It 
was  not  mentioned  in  the  paper  what  tension  of  electricity  Mr.  Snell  would  recom- 
mend for  the  original  dynamo  ;  750  was  mentioned  as  the  highest  Mr.  Snell  had 
used.  The  use  of  transformers  was  afterwards  dealt  with  at  a  pressure  of  500  volts. 
Another  point  affected  the  economy  of  electrical  haulage.  Supposing  they  were 
hauling  up  an  incline  and  wished  to  vary  the  speed  of  the  motor,  how  could  that 
be  done?  He  (Mr.  Lupton)  had  given  some  little  attention  to  these  questions,  and 
had  made  enquiries  from  practical  electricians,  and  the  answer  he  had  received  was 
this  :  If  you  wish  to  vary  the  speed  of  your  motor  you  must  introduce  resistance, 
and  if  you  introduce  resistance  an  appreciable  percentage  of  the  power  is  absorbed. 
For  instance,  supposing  the  motor  and  gearing  and  drum  is  fixed  to  work  at  a  speed 
which  we  will  call  100,  and  you  wish  to  reduce  it  from  100  to  80,  you  will  have  to 
put  in  resistance  which  will  absorb  20  per  cent,  of  the  power,  and  if  you  want  to 
reduce  the  speed  from  100  to  50  you  will  have  to  put  in  resistance  which  will  absorb 
50  per  cent,  of  the  power.  Mr.  Snell  would  perhaps  answer  this  point  in  his  reply  ; 
it  seemed  to  bear  very  much  on  the  question  of  economy.  Mr.  Snell,  on  page  150, 
says  :  "  Some  care  is  required  in  starting  motors  of  these  types."  What  does  that 
allude  to?  With  regard  to  the  economy  of  electricity  as  compared  with  other 
modes  of  transmission  of  power,  he  (Mr.  Lupton)  had  examined  the  machinery  at 
St.  John's  Collieries,  and  had  indicated  the  engine — not  the  latest  engine  in  use,  but 
another  one  which  was  driving  a  pumping  engine  iii  the  pit,  and  which  was 
described  by  Mr.  Snell  in  his  paper  now  under  discussion,  and  the  statements  there 
made  as  to  the  useful  effect  of  the  dynamo  in  pumping  water  were  fully  sustained 
by  his  own  observations,  although  those  observations  were  not  made  with  that 
minute  accuracy  that  they  might  have  been  if  there  had  been  more  time,  yet 
they  were  confirmed  by  statements  and  figures  more  carefully  made  by  Mr.  Brown. 
These  figures  showed  that  of  the  total  engine  power — the  pump  being  at  a  distance 
of  500  yards  from  the  engine— 43  per  cent,  was  returned  in  the  shape  of  water 
lifted.  Now,  a  pump  of  fairly  good  construction  driven  by  steam  would  give  about 
80  per  cent,  of  the  steam  power  in  water  lifted  ;  this  was  to  be  taken  into  account 
in  arriving  at  what  he  would  call  the  indicated  dynamo  power  in  the  pit.  Sup- 
posing an  indicated  horse-power  of  100  in  the  dynamo  house,  what  indicated 
power  would  there  be  in  the  electric  motor  in  the  mine  ?  His  observations  gave  the 
useful  effect  as  54  per  cent.,  in  this  instance,  at  a  distance  of  500  yards.  It  did 
not  follow  that  because  they  only  got  20  per  cent,  of  useful  effect  at  St.  John's 
Collieries  with  compressed  air  that  that  was  the  maximum  that  could  be  got  by 
any  compressed-air  system.  Supposing,  for  the  sake  of  argument,  the  compressors 
were  as  good  as  they  might  be,  it  did  not  follow  that  the  motors  were  first-class  ; 
the  valves  might  not  have  fitted  properly  ;  and  until  they  had  particulars  of  all 
this  it  did  not  prove  whether  the  fault  was  in  the  system  or  in  the  particular 
example.  He  required  a  good  deal  of  convincing  yet  that  electricity  was  more 
economical  in  mines  than  compressed  air.  He  had  perhaps  troubled  the  meeting  at 
some  length.     As  an  excuse,  he  might  say  that  although  he  had  been  a  member  of 
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the  North  of    Kngland   Institute  for  twenty  y<-ais  Ikj   had   nr\vr   before  spoken    in 

Newcastle  al  any  meeting  pf  that  Institute. 

The    1'liKSiDlONT  would  like  to  ask  Mr.  Hiown.  was  there  not  at  one  time  a  ''able 

injured  by  a  cage  Ealling  against  it .' 

Mr.  E.  BBOWK      Yes,  sir. 

The  PBE8IDBNT — Pid  any  injury  result  .' 

Mr.  IJkoWN  —  The  two  cables  were  fused  through  short   circuiting;  that   was  all. 

Mr.  SNBLL;  in  replying,  said,  that  the  discussion,  had  been  very  interesting,  for 
they  had  heard  the  opinions  of  practical  men  on  both  sides  ;  he  only  wished  they 
had  heard  more  on  the  side  of  eompres.sed  air.  It  was  difficult  to  reply  to  all  the 
points  raised,  but  he  would  endeavour  to  take  them  in  order.  In  Mr.  S.  F. 
Walker's  communication,  there  was  a  wish  to  limit  the  pressure  to  100  volts.  Mr. 
Walker  could  scarcely  have  thought  the  matter  out  or  he  would  have  seen  that 
it  was  impossible  to  work  at  that  tension.  Let  it  be  compared  with  the  pressure  he 
was  advocating.  With  100  volts  they  would  require  five  times  as  much  copper  as 
with  500.  Now,  copper  was  a  very  costly  commodity,  and  with  five  times  as  much 
copper  it  would  be  impossible  to  adopt  electricity.  He  (Mr.  Snell)  ventured  to 
assert  that  a  tension  of  500  volts  with  direct  current  was  not  dangerous  to  life  under 
ordinary  conditions.  Mr.  Brown  had  tried  700  volts  for  three  years,  during  which 
time  every  possible  contingency  had  probably  happened  ;  a  number  of  men  had 
received  shocks,  but  nobody  had  been  burned  or  injured.  He  did  not  savr  that 
under  certain  conditions  700  or  even  500  volts  was  not  dangerous.  Another 
point  raised  by  Mr.  Walker,  was  that  of  naked  returns.  On  this  point  again 
experience  should  be  brought  forward.  He  must  not  be  understood  to  advocate 
naked  returns  in  a  large  system,  but  where  they  had  only  one  machine  he  did  not 
see  any  great  objection  to  it.  At  Andrew's  House  Collieries  there  were  three  small 
motors  working  in-bye,  and  the  returns  were  old  wire  ropes,  the  tension  was  about 
300  volts  :  this  plant  had  been  running  over  twelve  months  and  one  or  two  men 
had  received  shocks,  but  they  certainly  had  not  been  hurt.  He  would  not  put  in 
naked  returns  in  a  large  system;  in  one  such  as  that  shown  in  (Fig.  11,  page  153, 
Vol.  I.)  they  ought  to  be  insulated  in  the  best  possible  manner.  Mr.  Walker  also 
made  reference  to  (Fig.  4,  page  145,  Vol.  I.)  and  accused  him  (Mr.  Snell)  of  an 
error  in  the  curve,  but  lie  was  in  good  company,  for  he  erred  with  the  text  books' 
written  by  men  who  were  able  to  speak  with  authority.  Fig.  4  was,  however, 
correct  ;  it  was  the  working  part  of  the  characteristic  curve  of  the  machine.  If 
the  machine'  was  overloaded  the  curve  would  become  flat,  and  parallel  to  the 
line  of  abscissa?,  and  then  droop,  until  a  point  was  reached  where  the  dynamo 
would  tend  to  burn  up  through  the  volume  of  current  being  too  great.  The  same 
objection  might  be  raised  in  regard  to  all  the  curves  ;  the  length  of  curve  shown  in 
Fig.  4  corresponded  to  the  working  range  of  the  machine.  There  were  one  or  two 
ot  her  points  raised,  such  as  the  variation  of  the  E.M.F.,  but  Mr.  Walker's  meaning  was 
not  quite  clear  ;  at  all  events  it  was  not  necessary  to  go  into  this  now.  Mr.  Steaven- 
son  made  some  rather  sharp  remarks  on  the  danger  of  using  electricity.  His  note- 
book seemed  to  be  a  large  one,  and  contained  no  doubt,  much  valuable  information 
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from  various  sources.  He  would  be  inclined  to  agree  with  Mr.  Steavenson  that  200 
volts  with  alternating  currents  was  a  sufficiently  high  tension,  but  he  was  not  advising 
the  use  of  such  a  current.  He  would  say  generally,  that  it  was  not  advisable  to  take 
an  isolated  experience  in  matters  of  tins  kind,  but  the  general  experience.  Electricity 
was  being  used  for  many  purposes  throughout  the  world,  and  he  did  not  think  they 
had  ever  heard  of  a  case  where  death  had  resulted  from  a  tension  so  low  as  500  volts. 
All  the  cases  that  they  knew  of — unless  there  were  some  peculiar  circumstances  in 
connection  with  them — were  the  results  of  tensions  of  1,000,  1,500  and  2,000  volts. 
Mr.  Steavenson  demurred  as  to  the  advantage  to  be  gained  by  using  electricity,  and 
took  rather  an  unfair  illustration,  as  he  assumed  from  Fig.  1 1  (page  1 53,  Vol.  I.),  that 
be  (Mr.  Sued)  proposed  to  work  mine  pumps  in  all  cases  by  electricity  :  this  was  not 
so,  and  the  diagram  was  applicable  to  a  special  case,  in  which  the  prime  source  of 
power  was  not  steam,  but  water.  The  main  advantage  of  electricity  is  that  the  power 
could  be  easily  and  readily  carried  a  long  distance  in-bye,  and  it  was  really  in  pumping 
from  the  dip  that  the  great  advantage  was  found.  He  mentioned  Andrew's  House — 
to  put  a  case  in  point — a  2  horse-power  pump  was  put  in  to  work  through  the  24  hours, 
and  did  the  same  work  as  12  horses.  A  gentleman  raised  the  question  of  sparks  at  the 
commutators,  and  asked  whether  they  were  dangerous .'  Under  certain  circumstances 
they  were  dangerous,  but  great  strides  had  been  made  in  the  direction  of  lessening  this 
danger.  Messrs.  Davis  and  Stokes,  of  Derby,  had  recently  taken  out  a  patent  which  ad- 
vanced the  subject  very  much,  the  brush  being  placed  inside  the  commutator,  thus: — 
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The  sparks  took  place  inside  the  commutator  and  could  not  possibly  get  through  to 
explode  the  outside  air.  Mr.  Steavenson  also  mentioned  the  question  of  risk  from 
wires,  and  drew  a  very  formidable  picture  ;  but  again  experience  mignt  be  quoted. 
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Hundreds  of  miles  of  cable  wen'  in  use,  and  the  accidents  were  very  tew  Indeed.  At 
si.  John's  Colliery  they  had  had  two  or  three  little  accidents,  bn1  these  had  not 
set  the  Bhafl  on  fire,  nor  entailed  Berious  trouble  or  expense.  If  they  considered 
the  norma]  condition  of  things  they  would  Bee  there  was  uol  mucb  risk,  as  the  cables 
were  formed  of  copper  wire  running  through  Lead  covering,  thus: — 

If  an  accident  happened,  and  the  copper  became  uncovered, 
the  current  was  short-circuited,  and  the  work  of  the  engine 
increased,  so  thai  the  man  in  charge  was  made  aware  of  it  at 
once;  if  he  did  nol  stop  the  engine  the  fuse  would  be  burnt 
out.  Electricians  were  fully  aware  of  all  the  dangers  which 
might  be  occasioned  by  the  various  means  indicated,  and  were 
adopting  such  arrangements  as  would,  as  far  as  possible, 
minimise  the  danger.  He  now  came  to  the  remarks  of  Pro 
B  issor  Lupton.  That  gentleman  raised  some  question  as  to  i  he 
meaning  of  a  transformer,  but  had  evidently  misunderstood  the  remarks  on  that 
point.  What  a  transformer  was  intended  to  do  was  this  :  If  there  was  a  high 
tension  on  the  mains — say  500  volts — it  would  be  impossible  to  put  small  machines 
in,  for  the  simple  reason  that  they  would  cost  too  much.  To  obviate  this  difficulty, 
he  proposed,  in  cases  where  they  could  use  one  or  two  motors  together  to  put  in  a 
transformer — the  latter  being  a  combined  motor  and  dynamo. 

FIELD     POLE. 


0,  Copper  Conductor; 

1,  Insulation ; 

L,  Lead  Covering ;  and 
H,  Ozokerited    Hemp 
Braiding. 


Continuous  CurrentVTransformer. 
The  motor  would  be  driven  by  500  volts,  and  the  dynamo  would  give  a  corresponding 
amount  of  power,  less  8  to  20  per  cent.,  with  a  tension  of  something  like  200  volts  or 
what  was  required.  The  distance  was  immaterial  :  if.  for  instance,  at  the  bottom  of 
the  pit,  it  was  desired  to  use  some  small  rock  drills  of  about  2  to  3  horse-power  each, 
they  would  be  costly  things  to  work  ;  but  if  a  small  transformer  was  put  in  they 
could  get  two  or  three  electrical  rock  drills  to  work  with  a  tension  of  200  or  300 
volts.  Undoubtedly,  there  would  be  power  lost,  but  it  would  be  more  than  counter- 
balanced by  the  saving  in  using  electrical  rock  drills.  Efficiency  of  conversion 
was  secondary  to  the  convenience  of  getting  the  power  where  it  was  wanted. 
Professor  Lupton  also  asked  how  it  was  proposed  to  vary  the  speed  of  the  motor, 
when  running  in  constant  potential  circuit,  such  as  was  presumed  in  Fig.  10  (page 
151,  Vol.  I.)  ?  There  were  really  two  ways  of  doing  it :  one  by  shifting  the  brush,  as 
adopted  at  St.  John's  Collieries,  and  the  other  by  putting  in  resistance.    If  the  motor 
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was  required  to  run  quicker,  turn  the  brush  frame  backwards;  if  slower,  turn  it 
forwards.  These  changes  would  involve  a  small  loss  of  energy.  If  they  considered 
a  steam  engine  designed  to  yield  100  horse-power  its  efficiency  would  be  less  when 
indicating  50  horse-power  ;  the  economy  would  be  less  than  at  full  load.  It  was  the 
same  with  air  and  with  electricity.  The  starting  of  compound  motors  was  also 
referred  to.  In  the  compound  motor  Fig.  3  (page  143,  Vol.  I.),  as  ordinarily  under- 
stood, there  were  two  coils,  one  a  series  and  the  other  a  shunt-winding.  He  did  not 
recommend  compound-wound  motors  ;  he  nearly  always  used  plain  Beries-winding. 
Professor  Lupton  also  referred  to  the  economy  of  compressed-air  plants  ;  but  he  (Mr. 
Snell)  would  like  to  refer  the  meeting  to  Professor  Kennedy's  recent  experiments 
with  the  Popp  system  in  Paris.  He  found  that  unless  air  was  heated  before  entering 
the  cylinder,  the  efficiency  was  not  more  than  22  per  cent. — the  ratio  between  the 
horse-power  of  the  air  engine  and  the  indicated  horse-power  of  the  steam  engine  was 
22  per  cent.  He  thanked  the  members  for  the  kind  manner  in  which  they  had  dis- 
cussed his  paper.     He  hoped  it  would  lead  to  practical  results.     He  thought and 

his  opinion  was  backed  by  many  eminent  men  of  the  present  day — that  electricity 
was  the  power  of  the  future. 

The  President  said  they  must  all  feel  very  much  obliged,  not  only  to  those 
gentlemen  who  had  taken  part  in  the  discussion,  but  to  Mr.  Snell  for  the  very  lucid 
manner  in  which  he  had  explained  the  subject.  He  (the  President)  agreed  with 
Mr.  A.  L.  Steavenson  that"  if  a  fire  took  place  in  a  mine  the  circumstances  would  be 
most  serious.  Did  not  the  coal  often  take  fire  from  other  causes  1  He  knew  several 
instances  from  candles  alone,  so  that  Mr.  Steavenson's  argument  might  equally  be 
applied  to  candles.  They  had  had  a  long  discussion,  and  he  hoped  at  some  future 
period  it  would  be  continued,  for  there  were  many  points  in  connection  with  electri- 
city that  required  very  distinct  elucidation.  He  hoped  that  after  this  discussion  was 
printed  there  would  be  no  further  delay  in  publishing  the  Transactions,  and  that 
when  the  members  had  read  it  they  would  come  forward  and  either  offer  a  paper  on 
electricity  themselves  or  discuss  somebody  else's  paper.  He  thought  it  very  useful 
that  it  was  not  against  the  rule  for  a  member  to  raise  at  one  Institute  a  discussion 
upon  a  paper  read  at  another.  They  had  had  some  difficulty  about  this  in  connection 
with  the  Midland  Institute,  and  he  had  asked  the  Council  of  the  Federated  Institu- 
tion whether  it  was  proper  that  these  discussions  should  take  place  in  the  way  he  had 
mentioned,  and  was  informed  that  it  was  perfectly  proper,  so  that  now  they  were 
at  liberty  in  Yorkshire,  Staffordshire,  or  Nottingham  to  pull  to  pieces  what  the  wise 
people  read  in  Newcastle,  with  the  disadvantage  that  there  would  be  no  personal 
reply.  If  the  criticisms  happened  to  "  touch  the  raw  "  of  the  author  he  could  reply 
by  correspondence,  as  was  done  in  the  Institution  of  Civil  Engineers ;  thus  they 
would  have  not  an  ejective  but  an  objective  correspondence,  for  the  author  of  a  paper 
would  not  feel  very  easy  if  he  found  in  one  of  their  publications  a  remark  that  he 
was  totally  mistaken  in  his  views  respecting  something;  so  one  could  imagine  him 
saying,  "I  will  correspond  with  that  Institute  and  give  them  my  mind  upon  it." 
With  these  few  remarks  he  would  propose  that  the  thanks  cf  the  meeting  be  given, 
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in  the  first  place,  to  those  who  had  taken  part  in  the  discussion,  and  also  to  Mr. 
Snell  who  had  been  the  originator  of  the  discussion  ;  and  they  would  all  agree  that 
they  were  well  worthy  of  the  thanks  of  the  meeting. 

The  rote  of  thanks  was  heartily  adopted. 

Mr.  J.  B.  Simpson  reminded  the  members  that  at  eight  o'clock  in  the  evening 
the  Principal  and  Professors  of  the  Durham  College  of  Science  would  give  a  conver- 
sazione at  the  College.  He  begged  to  propose  that  a  vote  of  thanks  be  accorded  to 
them  for  their  kindness.  It  was  not  usual  to  return  thanks  before  accepting  a  gift, 
but  they  might  not  have  an  early  opportunity  of  acknowledging  their  indebtedness 
to  the  Principal  and  Professors  of  the  College. 

Mr.  Joseph  Mitchell  (Barnsley)  seconded  the  proposal,  and  it  was  unani- 
mously approved. 

The  SECRETARY  having  announced  the  arrangements  for  the  following  day, 

A  vote  of  thanks  to  the  President,  proposed  by  Mr.  Mills,  terminated  the 
business  of  the  General  Meeting. 


DINNER  IN  THE  NEW  ASSEMBLY  ROOMS. 
Mr.  J.  B.  Simpson,  Presiding. 
After  the  loyal  toasts,  the  Chairman  proposed  the  "  Federated  Institution  of 
Mining  Engineers."  He  was  extremely  sorry  that  Mr.  W.  Cochrane,  the  President 
of  the  North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  was  abroad, 
as  that  gentleman  ought  to  have  taken  the  chair  on  this  occasion.  In  Mr.  Cochrane's 
absence  the  position  had  been  allotted  to  him,  and  he  only  regretted  that  the  toast 
had  not  been  left  to  abler  hands.  As  some  of  the  gentlemen  present  might  not  be 
conversant  with  the  details  of  the  work  of  the  Federated  Institution  of  Mining 
Engineers,  he  might  observe  that  at  present  it  was  a  combination  of  the  following 
Institutes : — The  North  of  England  Institute  of  Mining  and  Mechanical  En- 
gineers, the  Chesterfield  and  Midland  Counties  Institution  of  Engineers,  the 
Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineer's,  and  the  South 
Staffordshire  and  East  Worcestershire  Institute  of  Mining  Engineers.  These 
institutes  had  federated  themselves  for  the  purpose  of  holding  joint  meetings  in 
various  districts  for  the  dissemination  of  mining  knowledge,  for  extending  their 
interests,  and  that  they  might  appoint  committees  to  report  upon  all  subjects 
pertaining  to  mining.  These  were,  he  believed,  the  broad  objects  with  which  the 
Federation  was  commenced.  He  was  sorry  to  say  that  all  of  the  mining  institutes 
hail  not  joined  in  the  Federation,  but  it  was  hoped  that  the  day  would  soon  arrive 
when  those  institutes  would  see  that  it  would  be  to  their  great  advantage  and  for 
the  benefit  of  the  mining  industries  of  the  country  that  the  Federated  Institution 
should  embrace  all.  The  institutes,  however,  in  their  individual  capacity  were 
not  to  be  altered,  and  they  would  in  their  different  spheres  perform  the  functions 
they  had  hitherto  done,  and  he  thought  these  institutes  had  good  reason  to 
congratulate   themselves   on   the   success   they   had   severally   attained.      If    they 
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went  back  to  the  beginning  of  the  present  century  and  considered  the  state  of 
mining  at  that  time  he  thought  they  would  come  to  the  conclusion  that  these 
institutes  and  practical  miners  had  developed  the  coal  trade  of  the  country  in  a 
very  remarkable  manner.     He  happened  a  few  days  ago  to  come  across  a  manuscript 
of  the  late  Mr.  Buddie  which  would  show  them  the  position  of  mining  in  the  year 
1807.     Mr.  Buddie  referred  at  that  time  particularly  to  Wallsend  Colliery,  with 
which  he  was  connected.     They  were  probably  all  aware  that  in  former  days,  when 
working  in  shallow  mines,  pillars  of  coal  were  left  very  thin,  but  as  the  mining 
became  deeper,  the  pillars  of  coal  were  left  of  the  same  thickness,  the  viewers  or 
mining  engineers  of  those  days  did  not  know  or  did  not  take  into  consideration  the 
fact  that  the  superincumbent  strata  were  too  heavy  for  these  pillars  to  bear,  and  the 
result  was  that  "creeps"  were  continually  taking  place,  the  pillars  breaking  down 
and  the  effect  often  being  felt  at  the  surface.     It  was  on  record  that  at  Long  Benton 
Church,  when  the  parson  was  preaching  one  Sunday,  bits  of  the  ceiling  came  down, 
and  the  people  began  to  be  rather  nervous.     "  It's  nothing,"  he  said,  "  it's  only  the 
creep  in  the  pit ;  if  you  wait  a  bit  it  will  be  all  right."     But  the  congregation  didn't 
"  wait  a  bit,"  they  began  to  creep  out.     These  creeps  affected  ventilation,  too,  and 
the  air  currents  were  constantly  being   reversed.      Here  were  Mr.  Buddie's  com- 
ments at  Wallsend  Colliery  when  the  creep  had  upset  the  ventilation  : — "Feb.  13, 
1807. — Made  some  boxes  to  send  some  steam  into  the  shaft  to  warm  it  with  a  view  to 
restore  the  upcast,  and  got  some  large  pieces  of  iron  ready  to  heat,  which  are  to  be 
lowered  down  the  shaft  to  assist  the  upcast.    Feb.  14,  1807. — Applied  the  hot  iron  all 
day  in  the  shaft,  but  without  effect,  as  it  continued  to  cast  down,  got  the  steam  con- 
veyed into  the  shaft,  and  continued  it  all  night.    Feb.  15. — Found  the  pit  casting  up 
this  morning,  and  the  following  day  got  the  pit  to  work."     Now,  all  the  gentlemen 
who  knew  anything  about  mining  would  know  what  a  feeble  current  of  air  they 
must  have  had  in  those  days.     Fancy  one  of  the  largest  and  best  collieries  in  the 
district  being  in  the  position  of  having  only  3,000  or  4,000  cubic  feet  of  air  per 
minute  !     No  wonder  that   explosions  were  very  frequent  about   that  period  ;    so 
frequent  indeed  that  the  public  took  up  the  subject,  and  in  1818  it  was  recorded 
that  a  society  was  formed  in  Sunderland  for  the  prevention  of  colliery  accident 
It  was  taken  up  by  the  Duke  of  Northumberland,  the  Bishop  of  Durham,  the  Rev. 
Mr.  Gray,  the  Rev.  Mr.  Hodgson  (the  historian  of  Northumberland),  Mr.  Buddie,  by 
Dr.  Clanny.  and  others.      These  gentlemen  made  several  reports,  and  in  one  Mr. 
Buddie  described  the  whole  of  the  operations  of  mining,  concluding  his  report  in 
these  words :  "  I  think  any  further  application  of  mechanical  agency  in  preventing 
explosions  would  be  ineffectual,  and  we  must  look  to  some  method  of  producing 
such  a  change  upon  carburetted  hydrogen  gas  as  to  render  it  innoxious  as  fast  as  it 
is  discharged.      In  this  view  it  is  to  scientific  men  only  that  we  must  look  for 
assistance  in  providing  a  cheap  and  effectual  remedy."     Well,  these  gentlemen  did 
apply  to  somebody  ;  they  applied  to  Sir  Humphrey  Davy,  and  in  the  course  of  two 
or  three  years,  as  was  well  known,  they  had  the  safety-lamp  invented.     This  was  the 
beginning  of  the  mining  institutes,  and  after  that  society  had  been  so  successful  it 
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was  disbanded,  and  nothing  more  ires  done  in  the  tray  of  scientific  mining  societies 
until  the  year  1852.    Then  an  explosion  took  place  al  Seaham  Collieries,  and  a 

niiiul.cr  of  engineers  -several  of  whom  were  .-till  living  founded  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  which  had  continued  from 
that  time  to  the  present.  Other  institutes  sprang  np  in  the  different  mining 
districts  of  the  country,  whioh  had  done  mosl  effective  work,  and  had  promu 
a  scientific  system  of  mining,  which  everybody  must  feel  had  been  of  very  great 
advantage  to  this  country.  They  hope.!  Bincerely  that  the  Federated  Institutes 
would  go  on  still  further  developing  the  wonderful  art  of  coal  mining.  He  thought 
they  might  still,  as  their  old  friends  of  1813  did,  go  to  scientific  men.  and  Bay, 
"We  want  something  still  to  prevent  accidents,  and  we  want  something  to  increase 
the  economy  of  working  our  coal  mines."  In  what  way  progress  would  tend  he 
did  not  know  ;  it  seemed  to  be  pointing  in  the  direction  of  electricity,  but  whether 
it  would  give  them  an  electric  lamp  which  would  comply  with  the  motto  of  their 
Mining  Institute,  "  Monro  ct  munio"  or  not  he  could  not  say.  No  doubt  within  the 
present  century  they  would  have  a  safe  light  for  mines  and  we  would  have  electrical 
tramways  for  cheapening  the  cost  of  conveying  the  coal  underground  and  probably 
electric  coal-cutting  machines.  Without  further  comment,  he  would  call  upon  them 
to  drink  "  Success  to  the  Federated  Institution  of  Mining  Engineers,"  and 
couple  with  that  toast  the  name  of  their  worthy  and  venerable  President.  Mr. 
T.  W.  Embleton. 

The  toast  having  been  duly  honoured, 

Mr.  Embleton.  replying,  said  he  was  not  aware  until  he  came  to  the  meeting 
of  the  Federated  Institution  that  he  was  to  be  their  President  for  the  ensuing  year, 
and  be  must  therefore  be  excused  if  he  had  not  been  able  to  collect  his  ideas  for  sucb 
an  occasion  as  the  present ;  but  he  hoped  that  during  the  time  he  occupied  the 
position  of  President  all  the  complaints  that  had  been  made  would  be  removed,  and 
that  the  Transactions  would  be  regularly  printed  and  punctually  forwarded  to  each 
member  of  the  Federated  Institutes.  They  would  receive  all  the  papers  read  before 
the  Federated  Institution,  and  there  would  be  this  advantage,  that  they  would  find 
in  those  papers  and  in  the  discussions  that  would  be  published,  the  concentrated 
knowledge  of  all  the  institutes,  which,  if  they  were  not  federated  could  not  be 
obtained  without  considerable  trouble  and  expense.  People  nowadays  called  for 
their  rights,  and  it  was  the  right  of  each  member  of  the  Federated  Institution 
that  he  should  have  reports  of  the  meetings,  whether  they  were  held  in  Durham,  in 
Yorkshire,  in  Derbyshire,  or  in  Staffordshire.  They  would  thus  know  in  each 
district  what  appliances  and  improvements  they  had  in  the  other  districts.  They 
would  also  have  the  advantage  of  knowing  all  that  was  being  done  at  the  home 
Institute,  the  originator,  and,  he  thought,  he  might  say  the  queen  of  all  the  other 
institutes,  for  it  was  their  parent.  He  had  been  a  member  from  the  time  which  he 
called  the  year  1,  which  was  a  long  time  ago,  and  he  might  say  he  had  not  been 
altogether  an  idle  member,  for  he  had  sometimes  read  little  bits  of  papers  which  had 
(riven  some  information.  The  Chairman  had  recalled  the  state  of  mining,  or 
rather  of  ventilation  in  the  year  1807,  but  he  did   not  think  it  had  been  from 


PROCEEDINGS.  gg 

personal  acquaintance  with  mining  at  that  time  ;  in  fact  he  probably  had  not 
appeared  on  the  face  of  the  earth  at  that  time,  for  if  he  had  he  would  have  been  two 
years  older  than  himself.  He  did  not  know  whether  many  of  them  could  remember 
the  time  when  they  descended  the  shaft  in  the  loop  of  a  rope,  guiding  themselves 
with  a  stick  to  keep  off  the  side  of  the  shaft  ;  he  did  not  know  whether  even  the 
Chairman  was  accustomed  to  that  means  of  going  down,  but  he  himself  was,  and 
thought  no  more  of  it  than  of  getting  his  dinner  here.  But  where  would  they  find 
the  pitman,  or  the  young  mining  engineer,  who  would  venture  down  the  pit  now,  as 
they  used  to  do  in  those  days?  He  thought  they  would  not  like  it;  whether  their 
organization  was  more  sensitive  than  in  those  days  he  could  not  say,  but  custom  was 
everything,  and  if  they  accustomed  themselves  to  a  thing  they  might  even  come  to 
like  it.  He  remembered  when  cages  were  invented  and  a  long  time  before  they 
were  introduced.  The  first  beginning  of  cages  was  at  a  colliery  near  Sheffield 
about  1813,  and  he  had  a  drawing  and  the  specification  of  it,  Mr.  Buddie  reported 
upon  it.  It  was  an  ingenious  contrivance,  and  he  would  try  to  describe  it.  There 
was  a  cage  in  a  pair  of  guides  and  the  rope  was  attached  to  the  centre  of  the  cage. 
Things  were  altogether  different  now,  and  if  anyone  could  live  for  fifty  years  longer 
he  had  no  doubt  they  would  find  as  much  improvement,  or  perhaps  greater  improve- 
ment, than  had  taken  place  during  the  last  fifty  years,  and  they  would  be  entirely 
different  from  the  labours  of  the  members  of  these  institutes;  whoever  thought  of 
the  fan  or  the  many  other  contrivances  ?  There  was  another  thing ;  he  hoped  that 
as  children  were  all  better  than  their  parents-a  good  deal  better-that  so  the 
younger  institutes  would  surpass  the  older.  He  thought  it  was  only  right  to  infuse 
fresh  blood  as  the  old  hands  were  dying  out;  he  believed  there  was  only  one  gentle- 
man present  who  could  approach  his  own  age.  The  old  fellows  had  gone  to"  make 
room  for  the  young. 

The  Mayor  op  Newcastle  proposed  "  Success  to  the  Coal  Trade."  As  the 
representative  of  the  Corporation— and  through  them  of  the  people  of  Newcastle- 
upon-Tyne-he  was  deeply  interested  in  the  success  of  the  coal  trade  of  the  counties 
of  Northumberland  and  Durham.  Their  interests  were  identical ;  the  welfare  of  the 
people,  and  of  the  city,  was  dependent  on  the  prosperity  of  the  trade  in  which  the 
gentlemen  present  were  also  deeply  interested.  He  believed  he  was  right  in  saying, 
too,  that  the  Corporation  represented  probably  the  oldest  coalowners  in  the  North 
of  England;  for  the  Newcastle  Municipality,  as  coalowners,  dated  back  to  the  time 
of  Henry  III.,  but,  unfortunately  for  them,  the  royalty  under  the  Town  Moor 
not  being  recuperative  was  almost  exhausted  ;  they  were  still,  however,  interested 
in  a  very  large  royalty  at  Walker,  and  were  partaking  at  the  present  time  in  the 
increased  prosperity  those  present  were  also  enjoying,  through  a  large  increase  in 
their  royalty  rents.  Being  deeply  interested  in  the  welfare  of  this  particular  trade 
he  had  the  greatest  pleasure  in  proposing  "  Success  to  the  Coal  Trade,"  and  in 
coupling  with  the  toast  the  name  of  their  esteemed  friend  Mr.  R.  0.  Lamb. 

Mr.  R.  0.  Lamb,  after  acknowledging  the  toast,  said  those  members  of  the  coal 
trade  who  were  junior  to  himself  must  have  felt,  as  he  did,  great  pleasure  in  listening 
to  the  remarks  of  the  worthy  President  of  the  Institution,  and  he  could  only  assure 
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Wiiii  thai  they,  in  the  North  of  England  at  all  events,  always  liked  bo  hare  the  advice 
of  their  seniors,  and  when  thej  conld  bear  Buck  remarks  Erom  a  gentleman— who  if 
qoI  actually  associated  with  Mr.  Buddie,  followed  rery  quickly  npon  Mr.  Bud 

-thej  fell  their  hearts  warm  towards  him  when  they  knew  thai  the  same  Bpirit 
thai  actuated  Mr.  Buddie,  also  actuated  hi  I  I   be  a  matter  of  the 

deepesl  satisfaction  to  every  coalowner  to  know  thai  Northumberland  produced 
rach  men  as  Mr.  Buddie,  who  could  feel  sympathy  with  his  fellows,  and  Invoked  the 
aid  of  Bcienl  die  men  t<>  devise  means  Eorthe  saving  of  1  i  f*»  - :  i:  was  also  a  satisfaction 
to  him  and  to  coalownera  to  know  that  those  associated  with  the  management  of 
their  collieries  were  still  following  in  the  footsteps  of  their  worthy  predecessors, 
year  by  rear,  if  they  compared  the  amount  of  coal  produced  in  the  United  Kingdom 
with  the  number  of  lives  lost,  they  would  find  the  proportion  of  the  latter  decreasing, 
and  he  could  only  trust  that  this  would  continue.  The  progress  in  mining  engineer- 
ing had  been  great,  and  the  progress  in  the  production  of  coal  had  been  enormous. 
If  they  took  the  last  thirty-five  years,  they  would  see  that  the  quantities  wen-  almost 
doubled  ;  and  unless  scientific  attainments  had  been  brought  to  bear  on  I  be  production 
of  coal,  and  unless  the  coalowner  had  been  most  materially  assisted  by  the  mining 
engineer,  he  would  like  to  know  how  they  could  have  produced  last  year  170.000,000 
tons  of  eoal !  Science  had  told  most  favourably  upon  the  coal  production  of  this 
country,  and  no  doubt  the  problem  for  the  future  would  be  to  produce  coal  cheaply. 
Unless  they  could  produce  it  cheaply  they  would  have  great  competitors  abroad,  and 
these  might,  though  he  hoped  not.  cause  a  considerable  amount  of  trouble  by  their 
competition.  How  far  the  production  of  coal  could  be  cheapened,  and  how  far 
mining  machinery  was  to  supersede  the  strength  of  the  human  hand,  were  matters 
for  the  future.  The  President  had  spoken  of  electricity  and  electric  lighting,  but  he 
had  not  referred  to  coal-cutting  machinery ;  possibly  that  was  a  problem  yet  to  be 
thought  out,  and  if  they  did  think  i:  out  and  did  away  with  the  eoal  hewer,  some 
gentlemen  of  science  might  do  away  with  the  coalowner.  Tt  was  quite  possible 
that  if  he  were  to  express  the  somewhat  uncharitable  wish  that  the  hewer 
should  disappear  some  persons  might  also  wish  that  the  coal  lessor  and  the  coal 
lessee  should  also  disappear  with  him.  But  how  fir  science  might  change  matters  in 
the  future,  by  electricity  and  other  means  of  cheapening  and  increasing  the  produc- 
tion of  coal,  or  by  finding  some  substitute  for  coal  itself,  must  be  left  for  the  future  to 
settle.  Meantime  every  colliery  owner,  whether  a  scientific  man  or  not,  and  whether 
a  member  of  this  Institution  or  not,  wished  them  all  success  in  that  which  was,  and 
must  be,  one  of  the  highest  aspirations  of  mankind,  to  lessen  the  loss  of  life  and  the 
number  of  accidents  in  mining,  and  also  to  increase  the  production  of  coal,  and 
thereby  to  extend  and  sustain  the  reputation  of  this  country  to  which  it  was  their 
greatest  pride  to  belong. 

Mr.  M.  H.  Mills  proposed  "The  Corporation  of  Newcastle,"  to  which  the  Mayor 
and  Sheriff  responded. 

Mr.  A.  L.  Steavenson  proposed  "The  Visitors." 

Mr.  Joseph  Mitchell,  in  replying,  said  he  bad  often  come  to  Newcastle,  and  on 
each  occasion  he  had  learned  something — he  had  learned  to-day  that  the  beginning  of 
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the  coal  trade  was  a  very  short  distance  from  where  they  were  at  present  meeting, 
and  he  was  sure  that  all  the  mining  engineers  who  came  from  the  south  were  in- 
debted to  the  North  of  England  Institute  for  some  very  good  advice,  which  they  had 
received  by  becoming  members  of  that  Institute,  or  becoming  associated  with  it,  and 
through  the  perusal  of  its  publications  which  were  open  to  them.  The  North  of 
England  Institute  was  always  pleased  to  communicate  anything  which  would  tend 
to  their  advancement .  The  electric  light  had  to-day  been  referred  to,  and  he  always 
looked  upon  Newcastle-upon-Tyne  as  the  sun  shining  on  the  coal  trade  :  he  hoped  the 
sun  might  ever  shine  on  Newcastle  and  on  the  coal  trade  connected  with  it,  because 
if  it  shone  at  Newcastle,  no  doubt  they  in  the  south  would  have  some  of  the  reflection. 
He  was  very  pleased,  on  behalf  of  the  visitors,  to  return  his  hearty  thanks  for  the 
way  in  which  they  had  been  received  in  Newcastle,  and  also  for  their  reception  of 
the  toast.  He  could  only  repeat,  what  had  already  been  stated  before,  that  they 
would  be  pleased  to  see  the  members  of  the  North  of  England  Institute  in  the 
south,  either  at  Barnsley,  Sheffield,  Chesterfield,  Birmingham,  or  elsewhere.  They 
would  always  find  their  doors  open  in  welcome,  and  the  oftener  they  came  the 
more  pleasure  they  would  bestow. 


The  members  then  adjourned  to  the  Durham  College  of  Science  where  a  Con- 
versazione was  given  by  the  Principal  and  Professors  of  the  College. 


EXCURSIONS  MADE  DURING  THE  VISIT  OF  THE  FEDERATED 
INSTITUTION  OF  MINING  ENGINEER*  TO  NEWCASTLE-UPON- 
TYNE. 


January  22nd,  1891. 

The  following  collieries  and  works  were,  by  kind  permission  of  the  owners, 
open  for  the  inspection  of  members.  The  following  notes  record  Bome  of  the  features 
of  interest  seen  by  visitors : — 

Habton  Colliery.— Double  story  heapstead ;  jigging  Bcreenfi  :  steel  cleaning 
belts :  gravitation  roads  at  bottom  of  pit  and  on  heapstead  :  tail-rope  hauling 
engines  on  surface.  , 

Saint  Hilda  Colliery. — Similar  to  Harton  Colliery;  also  Guibhl  fan,  50  feet 
diameter ;  patent  fuel  works  ;  automatic  expansion-geared  winding  engines. 
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Boldos  Collibby.— Similar  bo  Hart  on  Colliery;  powerful  winding  enginei, 
with  automatic  expansion  '/car;  coal-breaking  machinery  tor  preparing  splint  coal 
for  15  mechanical  Htol 

Sbaton    DBLAVAL,    New    Delaval,    and   New    Hartley   Coi.i.i  i:i;i  it, 
Underground  haulage  (endless-rope  and  chain);    surface  machinery;    coal  washer 
and  endless  rope. 

Cowpen,  Newsham,  and  CamboIB  Collieries.  —  Mechanical  Kreening; 
tab  elevator;  washers;  coal-shipping  spouts,  harbour,  docks,  etc. 

Uyikum:  Colli  bby  — C pressed  air  machinery,  etc 

WlKGATB  Colliery.— Screening  belt,  etc. 

I'.laydon  Mai.v  Collibby. — Worthington  pumping  engine. 

Throckley  Colliery. — Compound  beam  rotative  pumping  engine,  pumping 
2,500  gallons  per  minute. 

Towneley  Collieries,  Addison  Pit. — Two  underground  Hathorne-Davy 
pumping  engines  raising  2.200  gallons  per  minute.  Endless  chain  from  dip  drift 
to  surface. 

ELSWICK  Colliery.— Underground  endless  chain. 

North  Elswick  Colliery. — Evans'  underground  pumping  engine,  with  steam 
at  100  lbs.  to  the  inch. 

Newcastle  and  District  Electric  Lighting  Company's  Station. — 
The  equivalent  of  8.000  ten  candle-power  lamps  are  coupled  to  the  mains,  and  have 
worked  for  nearly  a  year  without  accident. 

Newcastle-upon-Tyne  Electric  Supply  Company's  Station. 

Messrs.  Mills  &  Son's  Brass  Works.— Recently  erected  brass  foundry, 
engineering  and  electrical  works ;  manufactory  of  safety-lamps. 

'•  Newcastle  Chronicle  "  Printing  Office. — Composing,  stereotyping,  and 
printing  departments.  The  members  saw  a  complete  edition  of  the  "  Evening 
Chronicle  "  turned  out  from  the  first  to  the  last  operation. 

The  Grain  Warehouses,  Quayside. — The  elaborate  grain  screening,  cleaning, 
and  other  machinery  were  seen  in  operation. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND   MECHANICAL 

ENGINEERS. 


GENERAL     MEETING, 

Held  en  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

February  14th,  1891. 


Mr.  J.  B.  Simpson,  Vice-President,  in  the  Chair. 


The  minutes  of  the  last  meeting  were  read,  and  the  proceedings  of  the  Council 
meeting  were  reported. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  : — 

Member — 
Mr.  Louis  Irving  Seymour,  Mechanical  Engineer,  Chief  Mechanical  Engineer, 
De  Beers  Consolidated  Mines,  Limited,  Kimberley,  South  Africa. 

Students — 
Mr.  Nicholas  John  Bitzos,  Mining  Apprentice,  Broomhill  Colliery,  Acklington. 
Mr.  George  Chrisostom  Zumbuloglon,  Mining  Apprentice,  Broomhill  Colliery, 
Acklington. 


The  following  gentlemen  were  nominated  for  election  : — 

Members — 

Mr.  John  Philip  Kirkup,  Mining  Engineer,  Singareni  Collieries,  Hyderabad, 
Deccan,  India. 

Mr.  Syeil  Ali  Belgrami,  A.R.S.M.,  Director-General  of  Mines  to  the  Govern- 
ment of  H.H.  the  Nizam  of  Hyderabad,  Deccan,  India. 

Associate  Member — 
Mr.  Robert  Henzell,  Oil  Manufacturer,  Close.  Newcastle-upon-Tyne. 
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ASSOC  I  ATI 

Mr.   Benjamin   Mason,  Mine   Manager,    Burnopfield  Colliery,   Hobson,  Lintz 

Grot' n. 
Mr.  Thomas  Macintosh,  Mining  Engineer,  Cowpen  Colliery,  Blyth,  Northum- 

berland. 
Mr.  John  Shaw,  Cramlington,  Northumberland. 

Students- 
Mi-.  John  Ritson,  Mining  Student,  Marley  Hill,  Whickham,  R.8.O. 
Mr.  William  Mordy,  Kimblesworth  Colliery,  Chester-le-Street. 

Mr.  Matthew  Henry  Kellett.  Castle  Eden  Colliery. 


Mr.   M.  Walton  Brown  read  the  following  paper  on  "The  WTaddle  Patent 
(1S90)  Fan  "  :— 


THE   WADDLE   PATENT    (1R90)   FAX. 


THE   WADDLE    PATENT   (1890)   FAX. 
By  M.  Walton  Brown. 

The  Waddle  fan  as  manufactured  prior  to  the  end  of  the  year  1889  is  shown  in 
Figs.  1  and  2,  Plate  XVII.  It  is  an  open  running  centrifugal  fan,  with  alternating 
long  and  short  curved  blades  fixed  between  and  attached  to  two  discs,  one  of 
which  is  pierced  with  a  central  orifice  for  the  entry  of  the  air  from  the  mine.  The 
pierced  disc  gradually  approaches  the  other,  in  order  that  the  products  of  the 
angular  velocity  at  any  distance  from  the  centre  of  the  fan  multiplied  by  the  area 
of  the  air  channel  at  that  point  are  constant,  and  by  this  means  it  was  hoped  that 
the  fan  would  be  kept  full  of  air. 

The  Waddle  patent  (1890)  fan  is  shown  in  Figs.  4  and  5,  Plate  XVIII.  This  fan  is 
similar  to  those  erected  prior  to  the  year  1890.  In  the  old  fan  the  air  is  discharged 
into  the  atmosphere  at  a  somewhat  high  velocity,  but  in  the  new  fan  this  velocity  is 
considerably  reduced  by  the  addition  of  a  divergent  or  trumpet  outlet  extending 
beyond  the  external  ends  of  the  blades. 

The  area  of  the  outlet  at  the  periphery  of  the  fan  is  more  than  double  of  the 
area  described  by  the  external  tips  of  the  blades.  Consequently  the  velocity  at  which 
the  air  leaves  the  blades  is  gradually  reduced  as  it  passes  through  the  divergent 
outlet,  and  the  air  is  discharged  from  the  periphery  of  the  fan  at  a  low  velocity 
into  the  atmosphere. 

The  law  of  the  resistances  varying  as  the  squares  of  the  velocities  of  the  air 
suggests  that  the  resistances  at  the  outlet  may  be  considerably  decreased,  that  the 
capacity  of  the  fan  for  the  discharge  of  air  may  be  increased,  that  the  power  applied 
to  drive  the  fan  may  be  diminished,  and  consequently  that  the  general  efficiency  of 
the  fan  may  be  increased  by  the  use  of  such  an  addition. 

The  volume  of  air  (Q)  discharged  through  an  orifice  (A)  in  a  thin  plate  is  given 
by  the  formula,  Q  =  "62  A  y/2gh^.) ;  but  it  is  well  known  that  the  volume  passing 
may  be  considerably  increased  by  the  addition  of  suitable  ajutages.  Experiments 
on  the  issue  of  water  through  conical  expanding  ajutages  of  various  forms  and 
dimensions  show  that  the  value  of  the  coefficient  may  be  increased  from  -62  to  nearly 
unity.  It  may  therefore  be  reasonably  accepted  that  the  divergent  outlet  applied 
to  fans  will  have  a  similar  effect  in  increasing  the  volume  of  air. 

The  long  blades  between  the  boss  and  the  edge  of  the  inlet  ring  of  the  fan  are 
almost  radial,  and  between  the  inlet  ring  and  the  periphery  are  arcs,  placed  at  an 
angle  to  the  radius,  and  may  be  adapted  to  meet  the  requirements  of  the  mine  to 
which  the  fan  is  applied. 

The  effect  of  the  radial  portion  of  the  blade  is  to  tend  to  produce  equal  velocities 
of  the  air  in  every  part  of  the  inlet,  and  to  maintain  a  supply  of  air  to  the  fan  in 
excess  of  the  quantity  traversing  the  curved  portion  of  the  blades. 
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A  Waddle  patent  (1890)  fan  was  erected  at  Craghead  Collieries,  and  through  the 
courtesy  of  Messrs.  Thomas  Hedley  &  Brothers,  and  their  agent,  Mr.  James  Fairley, 
a  series  of  experiments  were  made  by  the  writer  to  determine   its  efficiency. 

This  fan  is  delineated  in  Fig.  6,  Plate  XLX.,  and  Fig.  7,  Plate  XX. ;  its  dimensions 
are  as  follows : — 

Diameter  to  periphery  of  divergent  outlet   .. 

Diameter  of  the  extremities  of  the  blades    .. 

Diameter  of  inlet  ring 

Width  at  outlet 

Width  at  periphery  of  fan 

Capacity  of  fan 2,583  cubic  feet. 

The  fan  is  driven  direct  by  one  high  pressure  horizontal  engine,  with  ordinary 
slide  valve,  and  variable  expansion  valve,  cutting  off  between  £  and  f  stroke,  as 
required.  The  cylinder  is  24  inches  diameter,  and  42  inches  stroke  :  the  piston  rod 
(at  front  end  only)  being  3f  inches  diameter. 

During  the  course  of  experiments  1  to  7,  there  were  three  downcast  shafts, 
whose  air  was  exhausted  by  the  Waddle  fan  ;  and  during  experiments  I  to  V  the  air 
was  derived  from  two  downcast  shafts,  instead  of  three  as  in  the  previous 
experiments. 

Four  seams  of  coal  are  worked  at  the  Craghead  Collieries  :  the  Shield  Row  Seam 
at  a  depth  of  about  56  yards,  the  Five-Quarter  Seam  at  78  yards,  the  Main  Coal  Seam 
at  100  yards,  and  the  Hutton  Seam  at  a  depth  of  about  168  yards. 


Mr.  A.  L.  Steavenson  said  he  did  not  think  they  were  in  a  position  to  discuss 
the  paper  at  any  length  that  day ;  it  would  be  better  to  wait  until  the  results  of  the 
experiments  were  in  the  hands  of  the  members.  He  understood  the  diameter  was 
rather  more  than  35  feet  as  given  in  the  paper  ;  if  so  it  would  make  a  difference  in 
the  results  from  the  water-gauge,  for  the  water-gauge  varied  in  accordance  with  the 
square  of  the  speed  of  the  periphery.  The  results  seemed  to  be  very  excellent,  and 
fully  equal  to  anything  he  had  met  with,  and  if  they  were  correct — and  no  doubt 
they  were  so  far  as  Mr.  Brown  was  concerned — it  was  a  very  excellent  fan. 

Mr.  Hugh  Waddle  said  in  the  old  fan  the  blades  were  only  a  short  distance 
within  the  inlet  ring ;  consequently  when  the  fan  was  of  larger  capacity  than  the 
mine  the  air  was  taken  in  close  by  the  inlet  ring  all  the  way  round,  and  the  blades 
struck  the  air  at  a  high  velocity.  Now,  by  bringing  them  towards  the  centre,  as 
shown  in  Plate  XVIIL,  the  air  struck  all  parts  of  the  blades  equally  under  the  same 
conditions ;  through  the  blades  radiating  from  the  centre,  the  air  was  so  hurried  up 
them  that  the  main  volume  would  come  from  near  the  centre  of  the  fan  ;  but  when 
the  fan  was  working  up  to  its  full  capacity  the  air  was  brought  forward  equally  over 
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the  whole  inlet  area.  The  radius  of  the  blade  was  also  varied  to  suit  the  water- 
gauge  .iinl  the  requirements  of  the  mine;  it  was  altered  for  every  water-gauge. 
The  divergent  outlet   was  not  generally  applicable  to  the  improvement  of  the  old 

type  of  Waddle  fan,  but  in  eases  where  the  capacity  of  the  fan  was  greater  than 
that  of  the  mine,  he  recommended  the  addition  of  his  patent  band  shown  in  Fig.  3, 
Plate  XVII. 

Mr.  WALLAH  asked  if  the  inventor  had  any  exaet  data  as  to  the  actual  gain 
through  curving  the  inner  ends  of  the  blades  as  described  ? 

Mr.  Waddle  said  he  found  that  these  curves  required  to  be  altered  slightly 
according  to  the  velocity  of  issue  of  air  from  the  fan. 

Mr.  Wallau  asked  if  the  blades  of  any  fan  had  been  altered  .' 

Mr.  Waddle  said  he  had  tested  one  fan  with  and  without  the  divergent  outlet. 
After  applying  the  divergent  outlet,  they  found  an  increase  in  the  volume  produced 
and  power  utilized  of  about  20  per  cent.  When  they  stood  opposite  the  outlet  of 
the  old  fan,  the  stream  of  air  from  it  could  be  felt  at  a  considerable  distance,  but 
with  the  new  fan  the  effects  of  the  issue  of  the  air  were  not  noticeable  even  at  a  very 
short  distance. 

The  Chairman  asked  if  old  fans  could  be  altered  in  accordance  with  this  prin- 
ciple without  much  trouble  ? 

Mr.  Waddle — We  cannot  get  good  results  by  the  addition  of  the  divergent 
outlet  to  an  old  fan,  as  all  the  proportions  of  the  fan  require  to  be  altered. 

Mr.  J.  A.  Ramsay  said  if  he  understood  the  matter  aright  a  new  fan  of  small 
size  would  give  results  equal  to  a  larger  one  of  the  old  construction. 

Mr.  Waddle  replied  that  the  same  results  could  be  obtained  with  a  smaller  fan 
of  the  new  design  ;  the  proportion  as  near  as  possible  being  that  a  new  35-feet  fan 
will  give  nearly  the  same  volume  of  air  as  the  old  42-feet  pattern  of  fan. 

Mr.  C.  C.  Leach  asked  why  the  blade  kept  was  short  of  the  periphery  of  the 
divergent  outlet  ? 

Mr.  Waddle  said  if  the  blades  were  carried  to  that  periphery  there  would  be 
re-entry,  which  it  was  the  very  means  of  stopping.  The  blades  must  get  air  from 
somewhere,  and  as  the  capacity  of  the  fan  at  the  circumference  where  the  blades 
stop  was  so  much  less  than  at  the  outlet,  the  blades  if  extended  as  proposed  would 
have  to  draw  in  the  outside  atmosphere  to  feed  themselves. 

Mr.  M.  Walton  Brown  said  a  question  might  be  asked  as  to  the  diameter  of  the 
fan  to  be  used  in  making  reductions  and  calculations.  It  appeared  to  him  that  the 
effective  diameter  of  the  fan  would  be  the  diameter  of  the  tips  of  the  blades,  that  was 
35  feet.  So  far  as  the  action  of  the  divergent  outlet  was  concerned,  it  might  be 
compared  to  the  expanding  chimney  attached  to  the  Guibal  fan ;  and  except  as 
regards  mechanical  difficulties  it  might  be  a  fixture  and  would  produce  the  same 
effect  with  the  fan  running  inside  and  just  clear  of  it.  He  would  like  to  hear  the 
views  of  the  members  as  to  which  diameter  of  the  fan  should  be  taken  in  reducing 
the  results  to  those  given  at  the  normal  velocity. 
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Mr.  WADDLE  said  that  no  work  was  done  beyond  the  tips  of  the  blades  ;  there 
was  no  increase  of  centrifugal  force  after  the  air  left  the  blades.  The  divergent 
outlet  had  the  effect  of  reducing  the  speed  of  the  air  rapidly  as  it  passed  into  the 
larger  area.  The  area  being  more  than  doubled  between  the  inner  and  outer  end 
of  the  divergent  outlet,  as  a  consequence  the  velocity  of  the  air  was  reduced  to  at, 
least  half -speed. 

Mr.  R.  L.  Weeks  asked  if  an  old  fan  had  seven  inches  cut  off  the  blades  in  the 
inside  would  there  be  any  beneficial  effect  1 

Mr-.  WADDLE  replied  that  the  results  would  not  be  improved,  the  water-guage 
at  the  same  number  of  revolutions  would  be  lowered,  and  the  change  would  simply 
produce  a  fan  of  smaller  diameter. 

Mr.  J.  A.  Ramsay  said  that  the  alteration  suggested  by  Mr.  Weeks  would  not 
be  beneficial,  as  the  shortening  of  the  blades  of  an  old  fan  would  have  a  deterrent 
effect. 

Mr.  Leach  asked  what  part  of  the  efficiency  was  due  to  the  divergent  outlet ! 

Mr.  Waddle  said  that  point  depended  upon  the  volume  of  air  being  passed. 
If  there  was  a  very  small  quantity  of  air  in  relation  to  the  capacity  of  the 
fan  a  very  large  proportion  of  the  additional  power  utilized  would  be  due  to  the 
alteration  of  the  blades ;  if  there  was  a  very  large  volume  of  air,  a  much  larger 
proportion  of  the  efficiency  would  then  be  due  to  the  divergent  outlet. 

Mr.  H.  Ayton  enquired  as  to  the  effect  that  would  be  produced  by  attaching  a 
divergent  outlet  to  an  old  fan  ? 

Mr.  Waddle  said  that  in  the  trials  already  mentioned  there  was  a  difference 
under  the  two  conditions  of  about  20  per  cent. 

Mr.  T.  E.  Forster  asked  if  better  results  were  obtained  by  the  divergent  outlet 
or  the  band  applied  to  an  old  fan  ? 

Mr.  Waddle  said  if  the  old  fan  was  giving  a  fair  volume  of  air  he  would  recom- 
mend the  divergent  outlet,  but  if  the  capacity  of  the  mine  was  much  less  than 
that  of  the  fan  he  would  certainly  recommend  the  band. 

Mr.  A,  L.  Steavenson  said  he  had  one  simple  little  rule  he  always  applied  to 
fans: — D2  x  R'J  -f  800,000*  which  gave  the  theoretical  water-gauge  in  inches,  and 
the  nearer  they  could  approach  the  theoretical  result  the  nearer  they  were  to  per- 
fection. The  Guibal  fan  gave  as  high  as  "67;  the  new  Waddle  fan  seemed  to  give 
•60,  if  they  took  35  feet  as  the  outer  diameter.  However,  if  the  diameter  of 
36^  feet  was  taken,  the  results  were  still  very  good.  He  understood  that  the  end  of 
the  water-gauge  when  the  vacuum  was  read  was  close  to  the  inlet  of  the  fan, 
which  was  acknowledged  to  be  rather  a  strong  advantage  in  favour  of  this  fan. 
He  considered,  after -a  recent  visit,  that  the  Waddle  fan  at  Craghead  Colliery 
was  a  strong  fan,  very  simple,  and  not  likely  to  get  out  of  order.  It  was  an 
excellent  fan  from  a  mechanical  point  of  view,  and  the  useful  effect  appeared 
equally  favourable. 

D  tieing  diameter  and  R  revolutions  of  fan  per  minute. 
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Mr.  M.Walton  Brown  .-;>i<l.  with  regard  to  the  useful  effect  of  ventilating  fans, 
he  thought  that  one  point  had  frequently  been  overlooked;  he  alluded  to  the 
efficiency  of  the  engine.  A  fan  might  be  erect  c  1.  for  which  the  maker  claimed  70 
or  80  per  cent,  of  useful  effect,  and  the  efficiency  of  the  Can  was  entirely  neutralized 
by  attaching  it  to  an  engine  and  boiler  consuming  say  15  lbs.  of  coal  per  horse- 
power in  the  air!  Another  fan,  of  inferior  design,  might  yield  the  sunn-  n 
from  a  consumption  of  5  lbs.  per  horse-power  in  the  air.  That  is  to  say,  one  fan 
might  consume  coal  to  the  value  of  £400  per  annum,  while  a  more  efficient  fan,  in 
consequence  of  the  attached  inferior  engine  and  boiler,  might  consume  £1,200 
worth  of  coal  per  annum. 

Mr.  Waddle  said  if  they  used  an  engine  of  too  high  a  class  they  would  be  apt 
to  get  into  difficulties;  they  wanted  a  simple  engine  which  would  utilize  a  good 
proportion  of  its  power.  They  might  have  an  engine  which  would  use  less  coal, 
but  the  main  saving  after  all  was  at  the  boilers. 

Mr.  Blackett,  referring  to  Mr.  Brown's  remark  on  the  place  at  which  the 
diameter  of  the  fan  should  be  measured,  said  his  conviction  was  certainly  in  favour 
of  measuring  its  diameter  at  the  tips  of  the  blades. 

The  Chairman  said  he  would  propose  a  vote  of  thanks  to  Mr.  Walton  Brown. 
They  were  always  glad  to  have  new  appliances  brought  to  their  notice  if  they 
showed  any  improvement  on  those  at  present  in  use ;  but  they  were  also  specially 
thankful  on  this  occasion,  as  when  they  found  that  there  was  no  business  for  this 
meeting,  Mr.  Brown  kindly  came  forward  at  once  and  offered  to  read  this  inter- 
esting paper. 

Mr.  T.  W.  Benson  said  he  had  much  pleasure  in  seconding  the  vote  of  thanks. 
He  was  sure  they  must  all  feel  obliged  to  Mr.  Brown  for  supplying  so  interesting 
a  paper. 

The  vote  of  thanks  was  cordially  adopted. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL  MEETING, 

Held   in  the  Wood   Memorial   Hall,   Newcastle-upon-Tyne, 

April  11th,  1891. 


Mr.  W.  Cochrane,  President,  in  the  Chair. 


The  minutes  of .  the  last  meeting  and  the  proceedings  of  the  Council  were 
reported. 

The  meeting  heard  with  very  great  regret  of  the  death  of  Mr.  John  Marley, 
a  former  President  of  the  Institute,  and  unanimously  adopted  a  vote  of  condolence 
with  the  family. 

The  following  gentlemen  were  elected,  having  been  previously  nominated  : — 
Members — 
Mr.  John  Philip  Kirkup,  Singareni  Collieries,  Hyderabad,  Deccan,  India. 
Mr.  Seyd  Ali  Belgrami,  A.R.S.M.,  Director-General  of  Mines  to  the  Government 
of  H.H.  the  Nizam  of  Hyderabad,  Deccan,  India. 

Associate  Member — 
Mr.  Robert  Henzell,  Oil  Manufacturer,  Close,  Newcastle-upon-Tyne. 

Associates — 
Mr.  Benjamin  Mason,  Burnopfield  Colliery,  Hobson,  Lintz  Green. 
Mr.  Thomas  Macintosh,  Cowpen  Colliery,  Blyth,  Northumberland. 
Mr.  John  Shaw,  Cramlington,  Northumberland. 

Students — 
Mr.  John  Ritson,  Marley  Hill,  Whickham,  R.S.O. 
Mr.  William  Mordy,  Kimblesworth  Colliery,  Chester-le- Street. 
Mr.  Matthew  Henry  Kellctt,  Castle  Eden  Colliery. 
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The  following  gentlemen  wen;  nominated  for  election  • — 

Members— 
Mr.  l>.  Selby  Bigge,  27,  Grey  Street,  Newcastle-upon-Tyne. 
Mr.  Joseph  J.  Henderson,  U.S.  Engineer's- Office,  Kingsbridge,  New  York,  U.S.A. 

Associate  Member — 
i\lr.  John  Hunt  lledley,  John  Street,  Sunderland. 

Associates — 
Mr.  Edward  Griffith,  High  Street,  Coedpoeth,  Wrexham. 

Mr.  William  Parkinson,  South  Moor,  Chest  er-lc- Street. 


Mr.  Wm.  Cochrane  delivered  his  presidential  address  as  follows  • — 
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PRESIDENTIAL   ADDRESS. 
By  Me.  W.  Cochrane. 

The  position  in  which  you  placed  me  in  August,  1890,  is  one  which  I  feel  to  be 
the  highest  honour  you  can  confer,  and  which  I  hope  it  is  the  ambition  of  many  of 
you  to  attain — for  it  should  indicate  a  previous  diligent  attention  to  the  work  and 
interests  of  the  Institute  to  carry  it  on  prosperously.  It  is  with  the  assurance 
that  I  am  here  as  the  expression  of  your  satisfaction  with  me,  and  that  I  have  your 
sympathy  and  aid  to  support  the  dignity  and  duties  of  this  office,  that  I  ventured 
to  enter  upon  it.  An  apology  is  due  to  you  for  having  absented  myself  immediately 
after  myelection,  owing  to  the  condition  of  my  health,  and  my  thanks  are  due  to 
the  Vice-Presidents  and  members  of  Council  who  have  fulfilled  my  duties. 

In  attempting  to  address  you,  as  is  usual,  I  do  so  with  great  diffidence.  Previous 
presidential  addresses  seem  to  cover  most  of  the  ground  available,  and  it  cannot 
be  expected  that  each  year  should  develop  anything  strikingly  new  or  interesting. 
Now  that  the  office  is  annual,  it  might  perhaps  be  desirable  to  expect  only  every 
third  or  fifth  year's  President  to  sum  up  the  advances  of  the  previous  term  of 
years.  Had  such  a  system  been  in  operation,  my  lot  might  have  fallen,  fortunately 
for  me,  upon  one  of  the  silent  years.  A  few  points  which  have  occurred  to  me  may 
suggest  matter  for  your  consideration  and  investigation — if  so,  my  object  will  have 
been  gained.  Referring  to  the  date  of  1863,  when  the  British  Association  met  in 
this  city,  Lord  Armstrong,  subsequently  our  President  in  1873,  reviewed,  in  his 
inaugural  address,  the  previous  quarter  of  a  century.  He  laid  particular  stress  on 
the  increased  output  of  our  collieries  which,  in  1861,  had  reached  86,000,000  tons,  and 
estimating  the  then  known  coal-fields  as  workable  to  a  depth  of  4,000  feet,  he  gave 
less  than  100  years  as  the  probable  exhaustion,  if  the  production  continued  at  its 
then  rate  of  increase.  He  gave  at  the  same  time  a  warning  of  the  wasteful  use  we 
were  making  of  coal — not  attaining  more  than  one-tenth  of  its  calorific  power  in  the 
best,  and  probably  only  one-thirtieth  in  the  average  of  our  steam  engines,  losing  two- 
thirds  of  that  heating  power  in  nearly  all  manufacturing  processes;  and  using  for 
domestic  purposes  about  five  times  as  much  coal  as  would  produce  the  same  effect  in 
properly  constructed  stoves.  He  urged  economy  in  the  processes  of  getting  coals 
as  well  as  of  consuming  them.  An  earlier  warning  had  been  given  by  our  first 
President  in  his  address  of  1852,  an  address  which  I  advise  all  our  members  to 
peruse.  It  is  a  record  of  the  state  of  mining  engineering  in  almost  all  its  details  in 
his  time— he  having  had  the  benefit  of  an  experience  of  forty  years,  thus  carrying  us 
back  to  1812.  The  Proceedings  of  our  Institute  may  well  be  referred  to  as  record- 
ing the  successive  achievements  due  to  the  Mining  and  Mechanical  Engineer,  and 
the  forty  years  since  Nicholas  Wood  addressed  the  Institute,  may  be  compared  as 
having  accomplished  at  least  as  much  as  his  predecessors  of  forty  years  had  done, 


^1  PRESIDENTIAL  ADDBEBB. 

thus  fulfilling  the  wishes  of  himself  and  the  other  founders  of  this  [nstltute,  which 

were  and  still  arc  our  highest  aim.  Can  we  also  say,  as  Lord  Armstrong  said  In 
1803  of  the  twenty-five  years  which  he  surveyed,  that  in  mechanical  science  the 
progress  made  in  the  quarter  century  "  has  no  parallel  in  history?"  The  British 
Association  met  again  in  our  city  in  1889.    1  think  its  proceedings  will  show  that 

in  every  department  of  mechanical  science  the  last  quarter  century  has  not  been 
behind  the  previous  one  in  development,  for  the  science  of  electricity  has  made  such 
extraordinary  progress  as  to  rival  in  its  application  and  utility  even  the  application 
of  steam  power,  upon  which  it  is  at  this  stage  largely  dependent,  but  there  are 
indications  of  its  economical  production  without  the  intervention  of  steam,  and 
its  use  for  the  transmission  of  power  appears  to  be  capable  of  such  extension 
as  to  be  in  some  directions  the  necessary  economical  development  of  steam 
power.  I  refer  to  the  opinion  of  one  of  the  leading  engineers  of  the  day, 
Sir  F.  Bramwell,  who,  in  his  address  to  the  British  Association  at  York 'in  1881, 
stated  as  his  opinion  that  in  1931,  when  the  centenary  of  the  British  Association 
would  occur,  they  would  find  that  the  steam  engine  had  become  a  curiosity,  and 
was  relegated  to  museums,  for  he  could  not  believe  steam  would  continue  to  be  the 
vehicle  for  transmitting  heat  into  work.  This  he  repeated  at  Bath  in  1888,  and 
saw  no  reason  for  withdrawing  it. 

We  have,  however,  to  deal  with  the  present  conditions  of  the  uses  of  coal,  and 
it  may  be  worthy  of  our  attention  to  review  the  various  opinions  expressed  as  to 
the  duration  of  our  resources.  In  the  second  volume  of  our  Transactions  a  com- 
munication is  made  by  G.  C.  Greenwell,  in  which  he  estimates  from  1816,  a  period 
of  331  years'  duration  of  the  Northumberland  and  Durham  coal-fields,  with  an 
annual  demand  of  10,000,000  tons,  which  he  considered  might  be  attained.  In  1854, 
T.  Y.  Hall  estimated  256  years,  with  an  output  of  20,000,000  tons  annually. 

I  do  not  find  any  further  mention  of  this  subject  till  1863,  in  Volume  XII., 
when  Messrs.  N.  Wood,  J.  Taylor,  and  J.  Marley  came  to  the  conclusion  that  such 
an  investigation  could  be  of  no  practical  utility,  and  that  the  attempt  for  a  vast 
period  of  time  was,  at  the  least,  premature.  In  Volume  XXXII.,  1883,  the  subject 
was  very  fully  gone  into  by  G.  C.  Greenwell,  who  indicated  at  least  230  years  ;  and 
in  Vol.  XXXVII.  a  valuable  summary  of  estimated  durations  is  given  up  to  the 
year  1882. 

Having  now  reached,  in  1890,  an  output  of  nearly  40.000,000  tons  of  coal  in  the 
counties  of  Northumberland  and  Durham,  it  seems  to  me  desirable  that  some  allusion 
should  be  made  to  such  altered  conditions,  so  that  the  records  in  our  Proceedings 
may  not  be  misleading.  In  1805,  Professor  W.  Stanley  Jevons  brought  the  subject 
before  the  public  in  his  work  on  the  Coal  Question,  and  with  such  investigation 
of  details  that  a  Parliamentary  Committee  was  formed  in  1866  to  enquire  into  the 
matter — their  report  was  issued  in  1871 — the  general  conclusion  being  that  there 
was  an  available  quantity  of  97,525,000,000  tons,  and  they  estimated  a  duration 
of  350  years.  Professor  Jevons  had  suggested  110  years,  each  period  being 
based  on  the  conditions  of  seams  being  workable  at  a  depth  of  4,000  feet,  and  of 
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eliminating  all  coals  less  than  one  foot  thick.  A  more  recent  investigation  in  1889 
has  been  made  by  Price  Williams.  It  has  the  additional  light  of  another  quarter 
century  thrown  upon  the  data  of  the  1866  Committee,  and  we  are  brought  by  his 
estimates  to  face  a  possible  exhaustion  of  the  coal-fields  in  this  country  within  a 
century.  Long  before  then  some  districts  will  be  practically  shut  out  from  com- 
petition in  the  struggle  for  existence,  and  the  industries  now  settled  there  and 
dependent  on  cheap  fuel  will  migrate  to  other  centres.  Take,  for  example,  the 
Cleveland  iron  trade,  which  is  one  of  the  chief  consumers  of  the  Durham  collieries' 
output.  It  will  expand,  or  at  least  continue  its  present  production  as  long  as  the 
Cleveland  ironstone  holds  out,  and  cheap  fuel  is  available.  Sir  Lowthian  Bell, 
in  his  report  to  the  British  Association  in  1863,  "  On  the  .Manufacture  of  Iron  in 
connexion  with  the  Newcastle  and  Durham  Coal-fields,"  estimated  that  the  whole 
of  the  available  coal  in  the  Durham  coal-field  was  just  sufficient  to  smelt  all  the 
valuable  ironstone  of  Cleveland.  There  are  other  inferior  ironstone  seams,  but  it 
is  doubtful  whether  on  the  exhaustion  of  the  Main  Seam  competition  would  be 
possible  with  other  markets.  The  exhaustion  in  ninety-four  years  of  the  coal 
supply  in  Durham,  as  estimated  by  Price  Williams,  would  mean,  therefore,  the 
cessation  of  the  iron  industry. 

In  the  Midland  Counties,  where  coal  and  ironstone  seams  are  found  under 
similarly  favourable  conditions,  a  shorter  duration  of  the  coal-fields,  seventy-two 
years,  is  estimated  by  Price  Williams. 

In  each  case,  taking  into  consideration  the  small  output  of  such  thin  seams  as  one 
foot,  and  at  depths  approaching  4,000  feet  under  the  difficult  conditions  of  tempera- 
ture and  the  enormously  increased  outlays  and  working  costs,  it  seems  to  me  that 
the  extent  of  working  will  be  of  a  very  limited  character,  and  that  a  closer  approxi- 
mation to  the  wane,  not  the  exhaustion,  of  the  coal  industry  in  Great  Britain,  will 
be  to  estimate  seventy-five  years  hence  rather  than  100.  Most  of  us,  probably  noting 
the  spread  of  the  black  coloured  areas,  indicating  goaves  on  the  working  plans,  have 
been  engaged  in  considering  how  long  our  own  particular  collieries  may  be  estimated 
to  last — there  are  few,  I  think,  can  suggest  even  fifty  years — while  the  tracts  of 
unopened  coal-fields  are  few,  and  at  increased  depths  will  present  the  difficulties 
previously  indicated  to  development.  The  output  of  181,614,288  tons  of  coal  in  Great 
Britain  for  1890,  the  largest  output  attained,  is  an  increase  upon  that  of  1889 
of  4,697,564  tons,  slightly  exceeding  1\  per  cent,  per  annum,  which  was  the 
average  rate  of  increase  over  the  previous  fifteen  years,  and  is  the  rate  of  increase 
on  which  Price  Williams  bases  his  estimate  of  the  period  of  exhaustion.  It  is 
rather  startling  to  consider  that  such  important  industries  may  within  the  space 
of  a  lifetime  be  narrowed  so  as  not  to  be  any  longer  features  of  the  districts  where 
now  they  are  the  chief. 

This  question  of  the  duration  of  the  coal  may  be  considered  an  unnecessary 
scare,  but  it  should  urge  us  more  than  ever  to  economize  its  use.  What  has  been 
done  in  this  respect  since  the  warning  of  1863?  In  domestic  consumption,  I  fear 
that  none  of  us  can  say  we  have  to  any  important  extent  reduced  our  coal  bills, 
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although  tlic  type  of  fire-grate  with  fire-brick  side-;  and  back,  the  latter  "\",iianging 
the  fire  bars,  ia  unquestionably  an  improved  form,  Borne  credit  must  also  be  taken 
for  the  extended  application  of  beating  houses  and  public  buildings  by  air  b< 
by  slow  combustion  stoves,  by  gas  stoves,  and  by  the  circulation  of  water  in  pipes — 
considerable  economy  in  fuel  being  the  result — and  making  the  open  fire-plfl 
essential  to  our  ideas  of  architecture  as  well  as  of  comfort,  a  luxury  instead  of  a 
necessity. 

In  the  raising  of  steam  and  in  the  application  of  it  there  have  been  greal 
advances.  Boilers  are  now  constructed  which  evaporate  as  much  as  i-\  of  the 
theoretical  15  lbs.  of  water  with  1  lb.  of  coal.  Instead  of  exhausts  at  high  dp 
wasting  into  the  air,  the  employment  of  condensers  yielding  at  the  same  time  pure 
water  for  the  boilers  and  enabling  economics  in  the  steam  cylinder  by  the  use  of  the 
vacuum,  are  general  in  a  modern  well  appointed  plant — thus  reducing  the  boiler 
power  required — while  the  adoption  of  triple  and  even  quadruple  expansion  is  one 
of  the  chief  features  of  modern  steam  engine  designs.  The  compounding  alone 
resulted  in  an  economy  of  about  40  per  cent,  of  fuel.  The  triple  expansion  is  about 
20  per  cent,  better  than  the  compound.  The  original  single  high  pressure  cylinder 
required  about  3£  lbs.  of  coal  per  horse-power  per  hour — the  triple  expansion  only 
li  lbs.  Higher  pressure  of  steam  and  higher  expansions  are  more  generally 
adopted.  In  some  collieries,  to  meet  the  varying  loads  in  winding  shafts,  variable 
expansions  have  been  adopted,  but  fuel  is  generally  too  cheap  to  encourage  the  use 
of  this  otherwise  economical  arrangement ;  its  use  will  extend  as  greater  depths 
of  shafts  are  involved. 

Notwithstanding  the  improvements  indicated,  we  are  very  far  from  having 
utilized  the  nine-tenths  of  the  theoretical  effect  which  we  were  told  we  were 
wasting,  and  this  condition  should  lead  us  to  investigate  closely  how  so  serious  a 
loss  can  be  avoided.  It  seems  as  if  it  cannot  be  in  the  direction  of  steam  as  the 
motive  power — for  it  is  in  the  application  of  steam,  and  not  in  the  production  of  it, 
that  the  serious  loss  arises;  but  it  may  come  in  that  of  electricity.  Successful 
research  is  being  carried  on  in  the  obtaining  of  currents  by  the  mixing  of  positive 
and  negative  gases,  of  which  hydrogen  and  oxygen  are  examples,  upon  the 
principle  that  the  electrical  force  which  separates  the  constituents  of  water  is  pro- 
duced and  is  capable  of  being  economically  stored  and  used  by  combining  them. 
Carbon  monoxide  (the  cheap  production  of  which  is  effected  by  the  passing  of  steam 
over  incandescent  fuel  and  other  gases)  as  woll  as  liquids,  are  available  for  the  same 
purpose. 

One  more  allusion  to  the  economizing  of  our  coal  supply  is  necessary  in  the 
working  of  the  seams.  It  is  incontestable  that  great  waste,  now  irrecoverable,  has 
taken  place  in  previous  years,  both  underground  and  on  the  surface ;  and  even  now 
in  seams  where  dirt  bands  occur,  as  is  especially  the  case  in  the  Midland  Counties, 
the  expense  attending  the  separation  of  the  good  coal,  when  very  thin,  leads  to  the 
leaving  it  underground ;  in  some  of  the  four-feet  seams  as  much  as  15  per  cent, 
being  cast  back  into  the  goaf,  and  even  in  mines  when  the  highest  prices  have  ruled 
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for  coals,  it  has  not  been  found  profitable  to  draw  it  out  of  the  pits  and  prepare  it 
for  the  market.  This  may  be  an  extreme  case,  but  in  the  ordinary  working  of  coal 
seams  at  least  6  per  cent,  of  the  whole  of  the  coal  is  left  underground,  which  is  so 
much  fuel  lost  to  the  country.  This  should  induce  every  possible  economy  to 
prevent  the  loss. 

Mention  should  be  made  under  this  head  of  the  important  works  carried  out  in 
the  South  Staffordshire  coal-field,  where  a  fresh  lease  of  life  has  been  secured  by 
combining  to  recover  drowned-out  collieries ;  it  is  a  new  feature  in  mining  operations, 
and  one  which  is  worthy  of  imitation.  Over  an  area  of  72  square  miles  works 
have  been  carried  out  under  and  above  ground  by  the  Mines  Drainage  Commissioners, 
so  as  to  displace  the  operations  of  single  collieries  which  were  no  longer  able  to  deal 
with  the  quantity  of  water  which,  by  the  working  away  of  barriers,  found  its  way 
to  them  ;  and  by  a  concentration  of  pumping  engines,  and  drainage  works,  to  re-open 
much  of  this  area,  which  contained  valuable  tracts  of  the  30-feet  seam,  as  well  as 
lower  coal  and  ironstone  measures.  Instead  of  139  pumping  eDgines  in  1872, 
raising  48,000,000  gallons  of  water  per  24  hours,  much  of  which,  after  having  been 
lifted  to  the  surface,  soon  found  its  way  down  again  through  the  broken  strata 
owing  to  the  fissured  condition  of  the  undermined  watercourses  and  rivers, 
17  engines  are  employed  raising  17,000,000  gallons  per  24  hours,  and  these  are 
steadily  reducing  the  level  of  the  water  throughout  the  mines  affected,  while  the 
cost  of  raising  25,000  gallons  of  water  100  feet  high,  which  was  previously  lid.,  at 
the  best  plant  in  this  district,  is  now  only  3£d.  The  Commissioners  are  a  body 
elected  by  the  colliery  owners  and  lessors,  receiving  no  remuneration.  They  levy 
rates  under  their  Parliamentary  powers,  according  to  evidence  laid  before  them,  as 
to  any  colliery  which  benefits  by  their  operations — if  by  surface  works,  a  rate 
of  Id.  per  ton  on  the  output  of  minerals,  and  if  by  underground  operations,  6d.  to 
9d.  per  ton. 

Similar  combinations  for  the  economical  working  of  various  industries  seem  to  be 
a  feature  of  our  time,  those  having  reference  to  the  distribution  of  motive  power 
being  of  primary  importance,  for  they  cheapen  its  production  and  enable  small  users 
to  economize  in  a  manner  which,  in  the  case  of  the  establishment  of  a  separate  plant, 
would  often  preclude  the  adaptation.  Take,  for  instance,  the  supply  of  compressed 
air  as  in  Birmingham,  where  pipes  convey  air  at  an  average  pressure  of  45  lbs.  to 
the  square  inch,  which  can  be  turned  on  by  a  valve,  day  or  night,  by  any  con- 
sumer. A  district  of  that  town,  of  about  four  square  miles,  is  so  supplied.  Boilers 
with  risk  of  explosion,  and  chimneys  with  the  accompanying  dirt  and  smoke,  are 
dispensed  with ;  a  very  slight  alteration  is  needed  to  an  engine  previously 
using  steam — the  charge  is  by  meter — a  minimum  of  4d.  per  1,000  cubic  feet  of 
air  at  45  lbs.  pressure  per  square  inch,  taking  at  least  4,000,000  cubic  feet  per 
quarter-year,  and  a  maximum  of  Is.  8d.  per  1,000  cubic  feet  for  a  consumption  as 
low  as  50,000  cubic  feet  per  quarter-year.  With  a  well-arranged  engine  about  125 
cubic  feet  are  used  per  indicated  horse-power  per  hour,  and  with  the  use  of  expansion, 
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;iinl  by  heating  the  air,  an  economy  is  effected  u  hich  results  In  I  he  oosl  per  indicated 
horse-power  per  hour  of  Ad.  in  the  case  of  consumption  equivalenl  to  -id.  per  1,000 
cubic  feet,  and  2£d.  where  it  is  Is.  Sd.  per  1,000  cubic  feet, 

I  must  refer  to  another  form  of  motive  power,  similarly  distributed  as  that  of 
compressed  air — the  hydraulic — which  has  attained  a  large  developmenl  in  London 
and  elsewhere.  Street  mains  arc  charged  at  700  lbs.  per  square  inch,  and  service 
pipes  are  laid  on  wherever  required;  hydraulic  lifts  are  thus  possible  for  lofty 
houses  and  stores  without  the  necessity  of  repeating  costly  plants,  and  the 
estimated  cost  of  its  use  is  as  low  as  £d.  per  ton,  lifted  50  feet  high.  Its  appli- 
cation is  of  the  most  varied  kind,  and  among  other's  for  hydraulic  riveting  of  gii 
in  the  construction  of  some  of  the  bridges  across  the  Thames,  where  the  great 
facility  of  carrying  the  riveting  machine  to  any  point  where  it  is  required,  effects 
important  economy. 

Extensive  plants  for  providing  electricity  for  lighting  are  also  being  employed 
for  providing  motive  power,  but  at  present  there  are  no  large  applications  in  this 
direction,  most  of  the  plants  being  established  by  the  separate  users.  An  important 
and  rapid  development  is  being  made  in  this  direction,  but  there  is  much  to  be 
settled  as  to  the  useful  effect  of  this  agent  as  a  motive  power,  however  useful 
it  may  be  under  special  circumstances.  When  such  a  result  is  recorded  as  a  loss 
of  85  per  cent,  of  the  horse-power  generated  at  a  fixed  station  in  propelling  a 
railway  car,  and  the  best  result  in  pumping  water  is  about  40  per  cent,  of  the 
indicated  horse-power  of  the  steam  engine,  there  is  much  to  be  discovered  before  its 
use  can  be  economical  and  its  destiny  be  achieved,  to  become,  as  is  believed,  the 
motive  power  of  the  future. 

In  other  countries  favoured  with  rivers  and  waterfalls,  the  application  of  water 
as  a  motive  force  has,  during  the  last  few  years,  been  developed  to  a  large  extent. 
and  the  hydraulic  distribution  carried  out  in  a  similar  manner.  At  the  Trollhatten 
Falls  in  Sweden,  the  Schaffhausen  in  Germany,  and  at  the  outlet  of  the  Rhone  from 
the  lake  of  Geneva,  we  have  some  of  the  finest  examples ;  the  beauty  of  the  scenery 
is  sacrificed,  but  the  utilization  of  force  is  gained.  At  Geneva,  by  an  arrangement 
of  turbines  sunk  in  chambers  at  the  level  of  the  bed  of  the  river,  a  motive  force  is 
developed  of  about  6,000  horse-power,  each  turbine  giving  about  300  horse-power, 
and  is  applied  by  cranks  to  forcing  engines  which  maintain  a  hydraulic  pressure 
of  200  to  the  square  inch  in  mains  laid  along  the  streets  of  Geneva,  for  service  to 
factories  and  houses.  Machinery  is  driven  by  this  means,  and  the  town  is  provided 
with  electricity  produced  from  the  same  power. 

The  transmission  of  the  power  from  the  turbines,  actuated  by  the  waters  of  the 
Rhone,  gave  rise  to  many  practical  tests  to  obtain  the  most  economical  system  of 
distribution.  Wire  rope  cables,  compressed  air,  and  electricity,  were  proved  to  be 
inferior  under  the  conditions  of  Geneva  city  to  the  hydraulic  pressure,  which 
yields  50  per  cent,  of  the  power  generated  by  the  turbines.  Each  system  may  be 
advantageously  applied  under  different  conditions.  At  Schaffhausen,  the  wire-rope 
transmission  was  first  adopted,  but  is  giving  way  to  the  electrical.     In  Geneva  the 
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water  is  supplied  from  the  same  mains  for  household  consumption.  This  use  of 
hydraulic  power  has  been  of  the  greatest  importance  to  the  city.  Fuel  had  become 
so  expensive  an  item  in  the  use  of  steam  power  that  the  industries  for  which  Geneva 
had  been  celebrated  had  seriously  declined.  This  cheap  provision  of  power  carried 
to  every  workshop  in  the  town  has  restored  its  prosperity,  and  enables  it  to  compete 
with  the  markets  of  the  world  in  its  specialities.  Transmission  by  electricity  is 
contemplated  in  an  extension  of  the  Geneva  works  at  the  junction  of  the  Arve  and 
the  Rhone,  owing  to  the  increasing  loss  of  power  due  to  the  frictional  resistance 
under  hydraulic  pressure. 

It  may  be  thought  that  I  have  taken  a  gloomy  view  of  the  future  of  our  country 
in  suggesting  so  early  a  decline  of  our  coal  industry,  but  other  causes  may  help  us 
to  extend  the  period  of  our  ability  to  compete  in  the  industries  of  the  world. 
No  industry  has  had  a  more  extraordinary  development  than  that  of  petroleum. 
The  boring  of  wells  was  commenced  in  America  only  about  1859.  American  oil 
found  its  way  rapidly  into  all  the  markets  of  the  world  for  illuminating  purposes  ; 
it  supplied  the  cheapest  and  most  useful  form  of  light.  Gas  and  electricity  have 
their  special  recommendations,  but  for  universality  of  application  and  for  porta- 
bility, petroleum  is  not  excelled. 

There  is  an  interesting  account  in  our  Transactions,  by  the  late  E.  F.  Boyd,  of 
the  American  oil  district  which  he  visited.  At  that  date,  only  one  other  region, 
Gallicia,  had  been  opened,  and  that  only  to  a  small  extent. 

In  1884  there  were  about  4,000  miles  of  American  pipe  lines  from  the  petroleum 
wells,  along  which  the  oil  was  pumped  to  various  railway  stations,  and  these  pipe 
lines  and  pumping  machinery  form  some  of  the  most  extraordinary  works  which 
engineering  science  has  succeeded  in  perfecting.  I  refer,  as  an  instance,  to  a  direct 
pumping  main  of  70  miles  length  of  5-inch  pipes,  and  to  another  where  oil  was 
pumped  a  distance  of  110  miles  with  one  pumping  engine.  It  is  estimated  that  75 
per  cent.#of  the  power  applied  was  expended  to  overcome  the  frictional  resistances. 
Generally,  the  pumping  stations  are  30  to  40  miles  apart,  and  through  a  5-inch 
pipe  about  150  gallons  per  minute  may  be  delivered.  This  mode  of  delivery  has 
enormously  reduced  the  cost  of  transport,  previously  by  rail  to  the  sea,  in  tanks, 
so  that  now  the  price  of  refined  oil,  in  Europe,  is  about  what  the  cost  of  transport 
alone  was  by  rail  to  New  York,  and  the  refining  has  passed  to  the  large  towns  where 
the  various  products  of  crude  petroleum  are  of  value,  instead  of  being  lost  as  they 
were  at  the  oil  wells. 

The  American  source  of  petroleum  seems  to  be  defined  over  an  area  of  about 
3,000  square  miles,  at  depths  of  1,000  to  5,000  feet.  It  occurs  mainly  in  two  sand- 
stone beds  below  the  lower  productive  Coal-measures,  and  yields  about  1 ,000,000,000 
gallons  per  annum,  or  about  one-half  the  production  of  all  the  oil  districts. 
In  1890  about  500  wells  were  bored  per  month — an  average  well  yielding  about 
6,000  gallons  per  day.  In  exceptional  cases  a  well  has  yielded  as  much  as  10,000 
gallons  per  day.     The  average  life  of  a  well  has  been  .about  two  and  a  half  years. 

The  subsequent  discoveries  of  petroleum  in  the  Baku  district  have  eclipsed 
those  of  America,  and  the  supply  of  Russian  oil  has  spread  over  the  world  in  an 
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extraordinary  manner.  The  perusal  of  Mr.  Marvin's  work,  entitled  the  Region 
of  the  Eternal  Fire,  will  well  repay  any  of  you  who  wish  to  inform  yourselves  on 
this  interesting  subject.  An  area  of  aboui  16,000  square  miles  seems  to  be  saturated 
with  petroleum,  and  to  yield  enormous  quantities  by  borings.  Oil  springs  are  found 
al  an  average  depth  of  150  Eeet,  the  oil  being  under  great  pressure;  i"  one  i 
discharging  to  a  height  of  300  feet  above  the  surface,  under  a  pressure  of  about 
thirteen  atmospheres,  and  yielding  2,000,000  gallons  per  day.  A  well  at  Baku  in 
one  day  yielded  almost  as  much  oil  as  25,000  borings  in  the  American  petroleum 
district.  This  yield  is  the  striking  difference  between  the  two  districts— 10,000  to 
25,000  gallons  per  day  being  the  average  yield  of  a  well  in  the  Baku  district,  and 
showing  no  diminution  over  several  years.  Also,  deeper  borings  prove  other  oil 
springs,  whereas  the  American  zone  of  supply  is  limited. 

A  vast  industry  has  sprung  up  in  connexion  with  the  Baku  petroleum.  In 
18S0  about  2£  million  barrels  of  360  lbs.  each,  and  in  1888  16J  millions,  were  the 
yield  of  that  district.  Tank  steamers  are  being  increased  in  capacity  and  in  number 
to  carry  the  refined  oil  in  bulk.  Large  storage  reservoirs,  into  which  the  oil  is 
pumped  from  the  steamers,  are  constructed  at  various  centres — there  is  an  important 
one  on  the  River  Tyne  for  its  distribution  throughout  the  north  of  England. 

Its  use  is  being  steadily  enlarged,  especially  as  metallurgical  fuel.  The  product, 
after  refining,  called  astatki,  about  70  per  cent,  of  the  original  raw  oil,  is  used 
in  steamers  and  locomotives  in  Russia,  instead  of  coal;  its  price  is  only  about  4d. 
per  ton  at  the  wells.  With  cheaper  railway  connexion  from  the  wells  to  the 
seaboard,  it  will  be  found  available  even  in  this  country  as  fuel ;  it  is  much  more 
cheaply  carried  and  stored  than  coal,  and  may  materially  assist  in  delaying  the 
date  of  the  exhaustion  of  our  coal-fields  ;  one  ton  of  it  is  equal  in  calorific  effect  to 
two  tons  of  coal ;  but  with  existing  appliances  5  to  7  lbs.  are  required  for  1  horse- 
power in  steamers,  and  only  12  to  13£  lbs.  of  water  are  evaporated  for  1  lb.  of 
astatki,  but  better  results  will  no  doubt  be  attained  with  larger  experience  of 
its  use.  For  the  same  bulk,  one-fifth  more  weight  of  astatki  is  stored  than  coal ; 
it  burns  smokelessly  ;  stokers  are  dispensed  with,  and  there  is  neither  ash  nor 
clinker  produced.  Already  it  is  used  exclusively  on  the  Caspian,  and  is  finding  its 
way  into  this  country.  It  was  sold  at  2s.  6d.  per  ton  in  the  Caspian  district  at  a 
time  when  English  coals  were  £3  15s.  per  ton. 

Discoveries  of  as  great  importance  as  at  Baku  are  being  made  east  of  the 
Caspian,  on  the  line  of  the  future  railway  system  to  India,  the  value  of  which  is 
self-evident.  In  the  Punjaub,  in  China  and  Japan,  in  Canada,  and  in  many  other 
quarters  of  the  globe  there  are  also  petroleum  supplies. 

It  may  be  interesting  to  quote  the  opinion  of  geologists  as  to  the  formation  of 
coal  and  petroleum,  the  former  being  the  result  of  air-fed  vegetation,  such  as  trees, 
reeds,  ferns,  mosses,  the  latter  of  water  plants,  and  hence  the  origin  of  fluid  petro- 
leum in  the  sands  and  shales  of  the  Devonian  age  in  which  submarine  vegetation  was 
as  rank  as  the  terrestrial  vegetation  of  the  coal  epoch.  Oil  deposits  are  found  in 
nearly  all  the  beds  from  the  base  of  the  Coal-measures  into  the  Devonian  series,  and 
bitumen,  from  a  similar  but  marine  vegetation  origin,  is  found  in  Silurian  limestones. 
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In  reviewing  the  engineering  progress  which  has  been  made  in  recent  years, 
I  think  none  is  more  conspicuous  than  that  in  the  department  of  what  is  called 
Sanitary  Engineering.  I  hold  that  this  is  intimately  connected  with  the  calling 
of  the  Mining  and  Mechanical  Engineer,  and  must  be  recognized  as  a  branch  of 
our  profession.  Our  district  is  particularly  fortunate  in  having  among  the  earliest 
of  similar  associations  one  which  has  done,  and  is  doing,  good  work.  The  health  of 
a  district  and  of  a  town  may  be  affected  by  the  condition  of  a  single  house.  It  is  a 
duty,  therefore,  of  every  householder  to  apply  the  most  modern  systems  to  prevent 
the  outbreak  and  spread  of  disease.  Arrangements  no  less  scientific  than  tho-e 
involved  in  properly  laying  out  and  ventilating  a  mine,  are  required  for  the 
ventilation  of  buildings,  and  of  drains  and  sewers.  It  must  be  within  the 
experience  of  everyone  of  us  that  even  in  modern  houses,  sewers  and  drains  are 
formed  without  regard  to  the  most  elementary  principles,  and  often  without  any 
record  of  them  on  a  plan ;  while  a  main  drain  has  been  often  used  as  a  reservoir 
for  sewer  gas,  with  accumulated  pressure  against  the  house  connexions,  ready  to 
break  through  any  imperfect  joint  or  water  trap,  instead  of  being  a  delivery  pipe 
free  from  the  possibility  of  obstruction  and  certain  in  its  action,  which  should 
always  run  itself  clear,  and  by  suitable  ventilating  appliances  be  constantly 
circulating  fresh  air.  Among  many  important  improvements  in  this  direction, 
compressed  air  has  been  successfully  applied  to  the  transport  of  sewage.  A  similar 
application  may  be  found  useful  and  economical  in  underground  drainage.  By 
this  system,  known  as  the  Shone  process,  the  sewage  flows  into  tanks,  so  fitted  that, 
when  a  certain  level  of  sewage  is  attained,  a  valve  is  opened  and  compressed  air 
of  the  required  pressure  is  introduced  by  an  inlet-valve  connected  with  an  air- 
pressure  main  ;  the  inlet  sewage  valve  in  the  tank  closes  automatically  ;  the  sewage 
is  forced  to  the  delivery  outlet  along  any  length  of  pipe  and  height  of  lift  as  may 
be  required  for  reservoirs  or  for  irrigation  of  lands.  It  will  be  seen  that  instead  of 
large  gravitating  sewers,  often  constructed  at  great  depths  to  overcome  tmdulations 
of  surface  and  the  accumulating  services  in  its  length,  each  tank  may  have  its 
service  of  gravitating  pipes  of  small  diameter,  and,  therefore,  better  flushed,  and 
these,  as  well  as  the  delivery  pipes  from  the  tanks,  need  only  be  at  small  depths 
below  the  surface.  The  use  of  cast  iron  pipes,  instead  of  that  of  earthenware  or 
brick-built  sewers,  makes  the  work  more  permanent  and  less  liable  to  damage  from 
settlings  of  the  ground.  A  central  air  compressing  plant  provides  the  power  which 
can  be  carried  to  any  part  of  a  town  where  the  tanks  are  fixed.  The  system  is 
particularly  applicable  to  low-lying  and  flat  towns,  and  is  in  successful  operation 
at  Rangoon,  as  well  as  in  several  towns  in  England. 

In  mines  where  small  feeders  of  water  occur  at  long  distances  from  where 
provision  exists  for  dealing  with  them,  or  where  gravitation  can  only  be  obtained, 
if  at  all,  by  expensive  drifts  and  cuttings  of  levels,  this  system  may  be  found 
preferable  to  the  employment  of  wire  ropes  or  the  use  of  steam,  air,  or  hydraulic 
engines. 

I  feel  that  I  have  trespassed  too  long  upon  your  patience.  I  will  conclude  by 
reverting  to  my  opening  subject,  and  suggest  that  it  ^eehis  to  me  that  there  should  be 
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ao  short-sighted  policy  on  our  pari  to  hoard  the  Btores  of  fuel  and  ironstone  we  have 
in  this  country,  hul  thai   we  are  doing  the  besi  service  in  onr  time  by  developing 

our  mines  to  the  utmost  with  all  our  accumulating  skill  as  engineers,  and  supp!  ■ 
with  open  hand,  the  needs  of  all  the  countries  that  require  onr  products.  We  use 
our  experience  (or  the  general  benefit,  and  improve  our  own  position  simultaneously, 
increasing  work  in  all  departments  of  our  industries  resulting  from  increased 
development  of  the  coal  and  iron  industries.  When  the  old  country  is  on  the  wane 
in  these  respects,  we  have  vast  colonial  resources,  where  our  engineers  are  already 
finding  scope  for  their  professional  careers.  It  is  a  happy  coincidence  that  in  our 
colonies,  where  we  settled  owing  to  very  different  attractions,  we  are  finding 
valuable  coal  and  ironstone  deposits.  The  experience  of  the  old  country  is  being 
applied  to  their  engineering  works,  and  it  may  reasonably  be  expected  that  better 
results  will  follow  than  under  the  difficulties  which  its  attainment  with  us  has 
involved,  whilst  it  must  not  be  forgotten  that  the  prosperity  of  the  Empire,  so 
dependent  on  that  of  the  colonies,  is  our  aim.  Some  satisfaction  may  be  felt  that  as 
an  industrial  centre  the  old  country  may  continue  to  hold  an  important  place  in  the 
world  by  the  economies  as  yet  unrealized  in  the  use  of  liquid  fuel,  yielded  from  our 
own  strata  and  to  be  imported  from  so  many  countries,  and  the  production  through 
its  agency  of  power  (whether  electrical  or  other)  sufficiently  cheap  to  enable  the 
manufacturing  industries  to  flourish,  owing  to  the  favourable  position  of  Great 
Britain  for  importing  from  all  parts  of  the  world  the  materials  required,  and  to  the 
increasing  energy  of  the  engineer  to  keep  himself  to  the  front  in  the  competition  for 
pre-eminence. 


Mr.  G.  B.  Forster  proposed  a  vote  of  thanks  to  the  President  for  his  very 
interesting  and  lucid  address,  to  which  they  must  all  have  listened  with  pleasure. 
They  were  glad  to  welcome  Mr.  Cochrane  home  again,  and  the  address  showed  that  in 
his  absence  he  had  not  neglected  to  inform  himself  of  what  was  doing  in  this  and  other 
countries. 

Mr.  Lindsay  Wood  said  he  had  pleasure  in  seconding  the  motiou.  Mr.  Cochrane 
must  have  devoted  great  attention  to  the  subjects  treated  of,  which  were  well 
worthy  of  investigation  by  the  members  of  this  Institute. 

The  vote  of  thanks  was  cordially  adopted. 

The  President  thanked  the  members  for  the  manner  in  which  they  had  received 
the  few  notes  he  had  put  together.  He  thought  he  might  after  the  event  say  that 
he  had  been  in  a  prophetic  mood,  as  the  paper  they  were  now  going  to  hear  from 
Mr.  Steavenson  was  a  development  of  the  suggestion  that  some  of  the  matters  he 
had  referred  to  were  well  worthy  of  their  consideration. 


Mr.  STEAVENSON  then  read  his  "  Notes  on  the  Present  Position  of  the  Question 
of  Transmission  of  Power." 
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NOTES  ON  THE   PRESENT  POSITION  OF   THE   QUESTION  OF 
TRANSMISSION  OF  POWER. 

Br  A.  L.  Steavenson. 

In  the  course  of  three  months'  time  this  Institute  will  enter  upon  the  fortieth 
year  of  its  useful  labours.  And  yet,  with  the  single  exception  of  1886,  a  search 
through  the  index  of  our  volumes  does  not  show  that  such  a  vitally  important 
question  as  the  transmission  of  power  has  ever  occupied  its  attention  ;  in  that  year 
we  find  Messrs.  Liddell  and  Professor  Merivale  read  a  paper  upon  the  "Trans- 
mission of  Power  by  Steam." 

No  doubt  the  subject  has  been  raised  incidentally  at  various  times,  but  never  in 
a  way  worthy  of  its  importance,  and  yet,  often  when  the  writer  has  urged  friends, 
especially  the  younger  members,  to  assist  the  Institute,  benefit  themselves,  and 
give  the  world  a  taste  of  their  quality,  the  almost  invariable  reply  has  been  : 
"  Yes,  we  should  be  glad  to  do  so.  but  really  the  whole  of  the  ground  has  been  so 
fully  covered  that  there  is  nothing  left  to  write  about."  The  fact  is.  thoroughly 
well-made  experimental  work,  or  the  results  of  any  long  and  fully  grown  experience 
in  working,  is  always  valuable :  and  instead  of  the  ground  being  already  covered,  it 
is  hardly  yet  fairly  opened.  When  our  Secretary  wrote  a  few  weeks  ago  saying 
he  was  short  of  a  paper  for  the  present  meeting,  this  subject,  which  had  been,  during 
the  last  three  years,  very  prominently  brought  under  our  notice  by  our  electrical 
friends,  who  seem  determined  to  carry  all  before  them,  and  to  leave  all  other  modes 
of  transmission  in  the  remote  past,  appeared  to  be  an  appropriate  one.  It  also 
appeared  proper  to  collect  and  place  on  record  our  present  position,  and  then  if 
these  gentlemen  persist  in  treating  all  other  systems  as  hopelessly  beaten,  we  may, 
at  least,  possess  some  standard  to  judge  them  by,  and  they,  some  accurate  data, 
upon  which  to  base  their  claims. 

Hitherto  we  have  been  content  to  use,  1,  steam;  2,  compressed  air;  3,  hydraulic 
power ;  4,  ropes. 

The  writer-does  not  propose  to  give  only  his  own  experimental  work,  but  also  to 
record  what  has  been  done  in  well  authenticated  instances  which  have  come  under 
his  own  observation. 

Steam. 

Of  the  use  of  steam,  he  does  not  propose  to  say  much,  for  long  experience  has  led 
him  to  think  that  it  is  always  wasteful  and  very  hurtful  underground,  and  it  has 
become  his  fixed  rule  never  to  take  steam  there ;  he  has  repeatedly,  and  with  great 
advantage,  brought  engines  to  the  surface,  and  carried  the  ropes  down  the  shafts, 
and  this,  he  believes,  is  a  very  common  experience — it  being  much  easier  to  carry 
ropes  than  steam.  He  has,  at  the  present  time,  seven  engines  on  the  surface  hauling 
or  pumping,  and  with  electric  bells  they  work  just  as  readily  and  efficiently  as  they 

N 
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oould  do  "below;  the  recent  demands  at  Labour  hare  shortened  all  hours  of  under- 
ground work,  ordinary  datal  time  and  overtime  run  up  very  fast;  repairs  in  the  dark 
are  troublesome,  and  expensive  to  make;  engines  when  buried  out  of  sight  are 
apt  to  get  neglected  and  dirty ;  steam  must  be  maintained  all  night  and  over  the  week- 
end in  the  pipes,  or  if  not,  when  it  is  again  turned  on,  the  joints  are  broken,  causing 
more  expense,  and  quite  needlessly ;  so,  under  all  circumstances,  we  may  say — steam 
in  the  mine  is  like  dirt — "  matter  in  the  wrong  place." 

Compressed  Aie. 

This  medium,  in  spite  of  all  that  has  been  said  against  it  of  late,  as  being  costly, 
holds  the  field  for  remote  distances  underground;  if  it  escapes  through  bad  manage- 
ment, unlike  steam  or  electricity,  it  is  an  unmixed  good,  affording  a  supply  of  cold 
fresh  air.  For  many  years  it  has  been  largely  used  by  the  writer,  having  in  one  case 
in  Cleveland  seven  miles  of  pipes,  whore  it  is  used  for  Walker's  rock  drills  (fully 
described  by  the  writer  in  Vol.  XXXI.  of  the  Transactions,  page  105.)  Of  course,  as 
is  there  shown,  it  requires  to  be  used  with  a  proper  recognition  of  the  laws  which 
govern  its  action,  proper  cooling  arrangements  being  made  in  the  shape  of  water- 
injection  during  compression  in  the  air-cylinder.  Few  accept  this  necessity  and 
the  majority  pay  the  penalty  in  a  small  useful  effect ;  but  for  twelve  years  past 
the  adoption  of  this  system  has  proved  its  value,  and,  in  fact,  without  such  means, 
the  work  which  has  been  done  could  not  possibly  have  been  accomplished.  For 
those  who  have  not  studied  the  use  of  compressed  air  M.  Pernolets'  work,  L1  Air 
Comprime,  a  bulky  volume  of  a  most  perfect  kind,  is  strongly  recommended. 

Compressed  air  has  been  for  sometime  distributed  through  Birmingham  by  a 
company  got  up  for  the  purpose,  and  when  the  writer  was  there  last  autumn  he 
took  the  opportunity  of  going  over  the  works.  He  found  two  engines  and  com- 
pressors working,  and  4£  miles  of  pipes  were  said  to  be  in  use,  fourteen  works  being 
supplied  at  rates  varying  from  4d.  to  Is.  per  thousand  feet  at  45  lbs.  pressure. 

With  a  capital  of  £150,000,  as  it  might  be  expected,  the  scheme  has  been  carried 
out  with  every  effort  to  attain  the  highest  possible  perfection.  Boilers  of  a  sec- 
tional water-tube  pattern  were  heated  at  first  by  the  water  gas  process,  but  this  on 
the  occasion  of  our  visit  had  been  abandoned  (gasifying  the  fuel  at  a  distance 
from  the  point  of  utilization,  and  thus  losing  the  radiant  power  of  the  solid  fuel 
as  well  as  the  heat  which  escapes  during  transit  through  underground  flues,  having 
proved  apparently  to  be  a  mistake).  The  main  engines  are  on  the  triple 
expansion  compound  condensing  system,  of  which  the  high -pressure  cylinder  is 
supplied  with  steam  at  140  lbs,  reduced  to  45  lbs.  in  the  second,  and  3  lbs  in  the 
last.  But  inasmuch  as  the  compressed  air  was  allowed  to  leave  the  compressors 
at  the  full  heat  of  compression,  and  the  number  of  customers  was  small,  the 
prospects  to  the  writer  did  not  seem  promising. 

Previous  to  the  commencement  of  this  company  a  very  interesting  printed 
scheme  was  got  up  by  the  engineers  discussing  very  fully  the  problems  involved ; 
it  is  published  by  Messrs.  Spon,  and  is  well  worth  perusal. 
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Such  of  us  as  attended  the  meetings  of  the  British  Association  in  Newcastle 
in  1889,  heard  a  very  interesting  paper  and  discussion  upon  the  Parisian  Com- 
pressed Air  Co.  In  this  case,  the  effects  of  cooling  in  the  compressors,  and 
reheating  before  use,  are  stated  to  have  raised  the  efficiency  to  50  per  cent.  In  the 
Engineer  for  May  3rd,  1888,  where  a  very  full  description  of  all  these  interesting 
works  is  given,  it  is  stated: — "The  Compagnie  Parisienne  de  l'Air  Comprime 
claims  that  the  indicated  horse-power  on  the  motors  amounts,  when  worked  expan- 
sively, to  87  per  cent,  of  the  effective  horse-power  represented  by  the  compressor's 
diagram."*  With  the  plant  at  that  period  in  operation  it  is  said  to  have  a  revenue  of 
£36,000,  the  air  being  sold  from  H-875  centimes  for  \  horse-power  to  4-95  francs 
per  12  horse-power  per  hour,  and  in  Engineering,  March  13th  and  20th  of  this  year 
will  be  found  a  further  paper  on  this  Parisian  system,  giving  some  wonderful 
results  from  heating  the  air  before  using  it :  thus  it  will  be  seen  (page  327),  "  from 
these  results  given  in  this  table,  very  carefully  carried  out  by  Professor  Guter- 
muth,  that  more  than  70  per  cent,  of  the  total  number  of  the  calories  in  the  fuel 
employed  was  absorbed  by  the  air  and  transformed  into  useful  work.  Whether  gas 
or  coal  was  employed,  the  amount  required  is  so  small  as  to  be  scarcely  worth  con- 
sideration ;  according  to  experiments  carried  out  it  does  not  exceed  -09  kilo- 
grammes per  horse-power  per  hour." 

Professor  Weyrauchf  has  also  carefully  investigated  this  part  of  the  subject,  and 
fully  confirms,  if  he  does  not  go  beyond,  Professor  Gutermuth.  He  claims  that  the 
efficiency  of  fuel  consumed  in  this  way  is  six  times  greater  than  when  burnt  under 
a  boiler  to  generate  steam. 

According  to  Professor  Riedler,J  from  15  to  20  per  cent,  above  the  power  at  the 
central  station  can  be  obtained  by  means  at  the  disposal  of  the  power  users.  He 
says  further:  "The  efficiency  of  this  type  of  rotary  motor,  with  air  heated  to  50  degs., 
may  now  be  assumed  at  43  per  cent.,  that  is,  with  small  two  horse-power  rotary 
motors,  some  of  the  others,  even  old  and  with  imperfect  designs,  give  results  much 
higher,  losing  only  8  to  10  per  cent,  in  their  own  friction";  and  from  these  results 
Professor  Riedler  deduces,  assuming  85  per  cent,  efficiency,  a  consumption  of  from 
600  to  720  cubic  feet  per  brake  horse-power,  and  he  considers  that  results  so 
favourable  cannot  be  given  by  any  other  means  of  transmission. 

The  writer  has  also  for  many  years  found  the  very  great  advantage  of  heating 
the  compressed  air,  being  thus  able  to  do  work  with  air  first  cooled  by  water  spray 
in  the  compressor,  far  beyond  what  was  possible  by  the  machinery  employed,  had 
such  means  not  been  employed,  a  few  pieces  of  old  timber  from  the  "broken" 
workings  of  the  mine  being  all  that  was  necessary  to  maintain  the  heat  in  the  old 
vertical  boiler  used  for  the  purpose. 

Of  course,  such  heating  cannot  be  adopted  in  mines,  except  in  very  exceptional 

cases,  where  the  machines  are  near  the  shaft  bottom,  as  in  the  writer's  own  case  or 

at  Normanton,  where  the  celebrated  electric  pumps  are  working ;  but  if  reheating 

cannot  be  used  in  the  face  of  a  coal  mine,  neither  should  a  sparking  electrical  motor, 

*  Engineerino,  May  1,  1891.      t  Eivjineerirvj,  May  1,  1891.      I  Enginurwj,  April  10,  1891. 
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la  the  rase  at  Normanton  just  mentioned,  where  compressed  all  was  abandoned 
in  favour  of  elecl  deity,  the  air  was  not  cooled,  the  engine  was  attached  direct  to  the 
air  cylinder,  and  as  the  value  of  this  treatment  of  the  air  is  still  disputed,  it  may  be 
well  to  show  how  clearly  it  depends  upon  laws  about  which  there  cannot  lie  any 

mistake. 

If  we  calculate  the  power  to  produce  one  foot  of  compressed  air  at  four  atmo- 
spherea  absolute,  or,  as  we  say,  l">  lbs.  above  the  atmosphere,  we  find  that  for  isother- 
mal compression,  i.e.,  with  temperature  constant  by  means  of  water  injection,  wc 
require  12,048  foot-pounds. 

But  if,  as  is  commonly  practised  by  our  rule  of  thumb  men,  we  allow  it  to  be 
i lone  adiabatically  or  without  abstraction  of  heat,  then  we  require  1">.072  foot-pounds, 

and  12,048   x    100  -f-  1:">,072  =  76-87  per  cent,, 
showing  difference  in  favour  of  isothermal  compression  at  that  pressure  of  no  less 
than  23-13  per  cent. 

Is  that  not  worth  Baying,  and  does  it  not  account  for  the  bad  repute  into  which 
the  system  has  fallen,  a  bad  repute  which  can  be  attributed  to  nothing  but  the  crass 
st  upidity  of  English  engineers  ? 

Wire-Rope  Transmission. 

This  system  has  been  referred  to  on  various  occasions  by  the  writer,  amongst 
others,  but  as  experience  is  daily  accumulating,  it  will  still  bear  investigation.  There 
are  three  descriptions  : — 

1.  The  ordinary — as  used  in  mines,  and  only  differing  in  the  class  of  driving 

pulley. 

2.  The  teledynamic,  unknown  almost  in  this  country,  and  the 

3.  Rope  driving  in  substitution  for  belts. 

Of  this  latter  it  is  not  proposed  to  say  anything;  it  would  alone  afford  scope  for  a 
useful  paper. 

In  the  year  1864,  the  writer  found  if  necessary  to  substitute  some  better  mode  of 
dealing  with  large  quantities  of  water  than  the  horizontal  rods  or  spears  then 
working.  He  turned  his  attention  to  ropes,  and  from  information  received,  he  learnt 
that  at  Woodhouse  Close,  then  a  large  colliery  near  Bishop  Auckland,  he  would  find 
under  the  late  Mr.  Richard  Heckels  the  most  advanced  and  complete  method  in 
operation ;  Mr.  Walton,  now  engineer  at  the  Brotton  Mines,  being  in  charge  of 
the  machinery.  There  he  found  that,  after  the  work  of  hauling  was  finished  for  the 
day,  the  ropes  were  coupled  to  drums,  and  upon  the  shaft  of  these  were  attached 
the  pumps,  the  engine  being  reversed  by  the  man  in  charge  each  time  the  length  of 
the  rope  was  run  out.  This  seemed  to  require  an  unnecessary  amount  of  atten- 
tion, and  as  the  Fowler  clip-sheave  was  just  introduced  instead  of  drums  at 
Upleatham  Mines  for  haulage  purposes,  being  reversed  each  journey,  these  sheaves 
ami  a  system  of  continuous  running  was  adopted  by  the  writer  for  the  first 
time.  During  the  twenty-seven  years  which  have  since  elapsed  it  has  been  abun- 
dantly proved  that,  with  proper  care,  and  everything  as  it  ought  to  be  in  good  order, 
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no  other  means  has  yet  been  discovered  to  do  the  work  more  satisfactorily  in  eveiy 
respect,  under  circumstances  such  as  prevail  in  mines,  except  where  hydraulic  power 
can  be  made  available.  Thus  Mr.  Geipcl  in  his  paper  before  the  Institute  of 
Mechanical  Engineers  says  :  ,;  Wire  rope  is  perhaps  cheaper  for  distances  of  less 
than  one  mile,"  which  conditions  are,  to  a  great  extent,  such  as  we  have  to  deal 
with.  At  all  events,  it  much  more  than  covers  the  distance  dealt  with  at  Norman- 
ton,  of  which  we  have  heard  so  much,  and  Professor  Osborn  Reynolds  in  one  of  the 
Cantor  Lectures  before  the  Society  of  Arts,  says  : — "  Experience  with  ropes  is  large, 
and  they  have  been  found  without  question  the  most  efficient  mechanical  means  of 
transmitting  powers  to  long  distances." 

But,  as  facts,  especially  if  recently  obtained,  are  better  than  the  opinion  of 
witnesses,  however  eminent,  the  writer  has  just  repeated  tests,  frequently  made 
before,  upon  a  pumping  plant  (that  short  word  is  much  to  be  preferred  to  the 
jaw-breaking  installation — one  syllable  to  four),  at  the  Carlin  How  Mines  in 
Cleveland. 

There  with  the  steam  engine,  H\  inches  diameter  x  3  feet  stroke,  on  the  surface, 
with  a  5-feet  Fowler  sheave  geared  3  to  1,  the  endless  rope  is  carried  down  the  shaft 
25  fathoms  to  a  double-acting  7-inch  pump,  which  draws  the  water  at  the  suction  end 
59  yards,  and  forces  it  up  to  another  pit  and  out  to  the  surface  568  yards.  The 
distance  of  the  pump  from  the  engine  is  455  yards,  and  from  the  standage  or  sump 
to  the  delivery  627  yards. 

The  gross  height  pumped  is  135  feet,  above  the  pumps  132-35  feet.  This,  of 
course,  is  equal  to  a  statical  pressure  of  56-91  lbs.  But  although  the  pipes  are 
6  inches  in  diameter  it  is  found  that  the  friction  of  the  long  range  and  bends 
increases  the  load  up  to  62  lbs.  when  acting,  and  this  makes  the  work  done  equi- 
valent to  pumping  against  a  vertical  column  (as  at  Normanton)  of  146-S3  feet. 

The  tests  were  made  in  rhe  writer's  own  presence  and  he  can  verify  every  item. 

Diagrams  were  taken  : — 

1.  With  the  clack  doors  off  so  that  engine,  sheaves,  ropes,  and  pumps  were 

running  at  the  usual  speed,  but  no  water  moving. 

2.  Engine,  ropes,  sheaves,  and  pumps  running  and  lifting  water  at  the  usual 

speed. 

3.  Engine,  ropes,  sheaves,  and  pumps  with  a  second  pump  attached,  which 

works  daily,  and  of  course  adds  to  the  working  load  and  cost,  especially 
of  the  rope,  but  beyond  testing  the  usual  gross  load  upon  it,  this  was 
not  carried  further. 
The  following  results  were  obtained  at  41j  revolutions  of  the  engine  :  — 

Indicated  horse-power. 
No.  1.  Both  pumps  working  and  usual  load  on  the  rope       ...         14-03 

No.  2.  Main  pump  only 12-71 

No.  3.  Ropes,  engine,  sheaves,  and  pump,  but  clacks  off       ...  5-99 

Water  measured  on   the   surface   during   No.   2   experiment,    127   gallons   per 

minute. 

0 
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li  is  manifestly  fair,  when  a  pnmpie  forcing  water  through  :i  great  length  of 
horizontal  pipes,  in  addition  to  the  rertica]  colnmn,  thai  the  resistance  which  is 
overcome  in  horizontal  friction  should  b<  credited  to  the  work  done,  if  il  totobe 
compared  with  thai  of  a  pump  which  is  merely  acting  in  a  direci  lifl  apapit. 

Therefore,  it'  the  working  load  be  taken  as  shown  by  the  pressure  gauge,  then  : 

i 

Column  above  pump     114-20 

Suction  below    do 2*36 


Total  column      146*55 


Now  127  gallons  raised  this  height  is  equal  to  .6*64  horse-power,  and  6*64  x  100 

-5-  12-71  =  14-37  per  cent,  of  useful  effect. 

The  ropes,  sheaves,  and  pumps  were  in  their  usual  working  condition  ;  just  as 
they  have  been  running  for  years. 

The'average  life  of  the  ropes  is  found  to  be  about  three  years. 

The  last  put  on  June  5th,  1889,  still  working  in  excellent  order,  is  thus  entered: — 
"Fathoms,  455;  2^-inch  circumference;  plough  steel,  25  cwts.  1  qr.;  £73  4s.  6d.; 
the  previous  one  having  been  put  on  September  21st,  1886." 

These  ropes,  as  we  have  seen,  have  to  work  the  load  of  both  pumps,  and  the 

average  cost  of  all  stores  except  coals,  but  including  ropes,  was  found  to  be  for  a 

period  of  three  years,  £40  17s.  5d.  per  annum,  or  about  Id.  per  horse-power  per 

working  hour. 

Teledynamic  Transmission. 

This  system  of  conveying  power  at  the  enormous  speed  of  60  miles  an  hour,  has 
been  brought  to  great  perfection  on  the  Continent,  where,  of  course,  in  many  districts 
coal  is  a  scarce  and  expensive  material,  and  when  the  writer  went  to  the  south  of 
France  two  years  ago  he  made  it  his  duty  to  visit  Schaffhausen,  and  another  system 
at  Geneva  to  be  mentioned  hereafter. 

Schaffhausen,  in  Switzerland,  where  the  falls  of  the  Rhine  are  utilized,  is  said 
to  be  the  largest  transmission,  and  Messrs.  Him  send  "500  horse-power  along  a 
f-inch  rope,  and  that  the  loss  per  mile  is  only  1*4  per  cent.,  while  with  the 
electricity  it  is  nearly  6  per  cent.,  so  that,  as  regards  weight  of  conductor  and 
efficiency,  the  electric  transmission  is  far  inferior  to  the  flying  rope.  Nor  is  this  all ; 
the  loss  at  the  ends  in  getting  the  power  into  and  out  of  the  rope  is  2£  per  cent., 
whereas,  in  experiments  by  M.  Deprez,  30  per  cent,  was  lost  in  the  electric 
machinery  alone,  and  no  account  was  taken  of  the  loss  of  power  in  the  transmission 
to  and  from  the  electric  machinery."* 

Turbines,  9i  feet  diameter,  are  driven  by  a  fall  of  12  to  16  feet  of  water,  and  are 

capable  of  developing  many  hundreds  of  horse-power.     The  ropes  are  carried  over 

grooved  pulleys  15  feet  diameter,  running  at  an  average  speed  of  100  revolutions  per 

minute ;  the  tension  to  transmit  326  horse-power  is,  according  to  M.  Achard.  5,807  Ibs.-f 

Mr.  Hirn  showed  that  by  this  system  120  horse-power  may  be  transmitted   12} 

•  Professor  Osborn  Reynolds,  M.A.,  F.R.S.,  Cantor  Lecture  to  the  Society  of  Arts, 
t  Proceedings  of  Civil  Engineers,  Vol.  xlix. 
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miles,  and  that,  notwithstanding  the  loss  by  uselessly  expended  power,  90  horse- 
power remains  available  at  the  remote  end.  The  driving  wheels  are  as  light  as  is 
consistent  with  strength. 

Since  that  time  the  new  aluminium  works  of  Lauffen-Venhausen  have  been 
established.  They  are  on  the  site  of  old  ironworks,  which  the  supply  of  cheap 
power  could  not  maintain  against  the  cost  of  transport  of  raw  materials. 

By  a  concession  of  the  municipality  of  Schaffhausen  in  February,  1S89,  the 
Aluminium  Industry  Company,  Limited,  acquired  the  right  to  draw  from  the  Rhine, 
above  the  falls,  20  cubic  metres  per  second,  which,  at  the  height  of  the  falls, 
estimated  at  20  metres,  corresponds  to  4,000  horse-power.  Their  works  were  hi 
progress  of  construction,  but  too  incomplete  for  inspection. 

The  turbines  constructed  at  Zurich,  are  of  sufficient  power  to  drive  three 
dynamos,  two  of  600  horse-power  and  a  third  of  300  horse-power,  the  supply  pipes 
of  the  GOO  horse-power  turbines  being  1*4  metres  and  for  the  300  horse-power  1*1 
metres,  the  former  being  constructed  for  a  maximum  volume  of  3,150  litres  and  225 
revolutions.  Of  the  success  of  this  venture  the  writer  has  yet  no  information, 
but  if  power  forms  amT  considerable  feature  in  the  cost  of  the  manufactured  article, 
it  should  do  well. 

Geneva. — Hydraulic  Power. 

Advantage  was  taken  on  the  occasion  before-mentioned  to  spend  a  day  and  night 
at  Geneva,  and  a  card  with  the  inscription,  "  Utilisation  des  forces  motrices  du 
Rhone.     Mr.  Steavenson  est  autorise  a  visiter  les  turbines,"  was  easily  obtained. 

The  river  flowing  from  the  Lake  Leman,  where  it  has  deposited  all  its  dirty  and 
foreign  matter,  divides  Geneva  into  two  portions,  and,  under  the  direction  of  Colonel 
Turrettini,  works  have  been  constructed  suitable  for  20  turbines  of  210  horse-power 
each.  There  were  at  that  time  15  working.  One  arm  of  the  river  (which  is  divided 
by  the  Rousseau  Island)  has  been  left  to  carry  off  the  water  as  before,  but  the  water 
of  the  other  is  carried  into  a  building  erected  on  the  bed  of  the  river  containing  the 
turbines. 

The  turbines  pump  the  water  to  a  reservoir  of  2,000,000  gallons  capacity  upon  a 
hill  about  2\  miles  from  the  town,  and  this  water,  at  a  pressure  of  about  13  atmos- 
pheres, is  utilized  to  drive  motors  in  the  town.  There  were  then  about  216  motors 
working,  and  varying  from  one-third  of  a  horse-power  for  sewing  machines  up  to  625 
horse-power  used  for  the  electric  light.  The  scheme  was  said  to  pay  handsomely,  and 
certainly  it  is  one  which,  for  practical  common-sense,  must  command  the  respect  of 
every  one  who  has  any  experience  in  the  utilization  of  motive  power.  This,  although 
not  directly  of  interest  to  us,  leads  to  a  few  words  upon  hydraulic  distribution  in  our 

own  towns. 

Hydraulic  Distribution. 

Hull  appears  to  have  the  credit  of  the  first  adoption  of  this  system  of  distributing 
power  to  general  consumers,  where  it  was  adopted  in  1875,  and  its  success  there  led 
to  its  adoption  on  a  larger  scale  in  London,  where,  in  1882,  the  General  Hydraulic 
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Power  Company  got  to  work,  the  site  chosen  for  their  works  being  the  Falcon 
Wharf  on  the  south  Bide  of  the  river.  The  power  is  supplied  at  700  lbs.  per  square 
inch,  the  boilers  are  of  the  double-flued   Lancashire  type,  and  lompoond, 

in vcri ci i,  of  the  three-cylinder  type,  high-pressure  cylinder  19  inches,  and  two  Low- 
pressure  cylinders  of  25  inches  each,  wit  h  a  si  roke  of  2  feet.  In  the  descripl  ion  driven 
by  Mr.  Edward  Bayzand  Ellington,  C.B.,  to  the  Institution  of  Civil  Engineers,  he 
says  they  had,  in  1888,  four  of  these  engines  working  at  the  Falcon  Bridge  Station 
(each  capable  of  exeri  ing  200  horse-power),  t  wo  accumulators,  and  the  weight  of  the 
case  and  load  on  each  ram  being  about  106  tons,  equal  to  760  lbs.  per  square  inch. 
The  water  when  used  under  this  pressure  requires  to  be  purified  to  prevent  injury  to 
the  surfaces  in  contaci  with  it,  and  this  is  effected  by  niters  consisting  of  cast  iron 
cylinders  each  containing  a  movable  perforated  piston  and  a  perforated  diaphragm 
between  which  is  introduced  a  quantity  of  sponge,  compressed  by  hydraulic  pressure 
from  the  pipes ;  the  delivery  of  power  from  this  station  is  by  four  6-inch  mains, 
and  the  most  distant  part  was  over  three  miles  from  the  accumulators.  A  charge  on 
a  sliding  scale  is  made  varying  from  2s.  to  8s.  per  1,000  gallons  at  700  lbs. 

It  is  stated  that  "  in  many  cases  the  cost  of  lifting  by  the  company's  power  is  as 
low  as  one  halfpenny  per  ton,  lifted  50  feet  high." 

In  a  letter  from  Mr.  Ellington,  in  answer  to  the  writer's  enquiries,  he  says,  "  At 
the  present  time  we  have  about  1,300  machines  at  work,  and  are  delivering  over  five 
million  gallons  of  power-water  per  week,  we  have  nearly  50  miles  of  mains ;  in 
Liverpool  also  we  are  making  very  satisfactory  progress." 

Hydraulic  Transmission  for  Mines. 

When  water  has  to  be  raised  to  the  surface  it  sometimes  happens  that  there  is  not 
shaft  room  for  the  ordinary  pumps  with  their  well-balanced  quadrants  and  spears, 
perhaps  a  great  depth  makes  them  unsuitable,  although  where  they  can  be  used 
nothing  can  approach  them  for  economy  in  working  ;  then  pumps  have  to  be  placed 
in  the  mine.  In  this  district  steam  engines  have  been  used,  in  others  electricity, 
and  in  others  hydraulic  power ;  under  such  circumstances,  this  latter,  the  writer  is 
inclined  to  think,  may  have  a  few  competitors  but  no  equals. 

One  of  the  most  interesting  cases  is  that  described  to  the  Institution  of  Engineers 
and  Shipbuilders  in  Scotland,  in  1882,  by  Mr.  Jos.  Moore,  C.E.,  of  San  Francisco. 

It  was  on  the  Comstock  Lode,  and  the  writer  tells  how  one  big  engine  after 
another  at  various  mines  was  beaten  ;  they  seem,  however,  to  have  made  the  mistake 
of  trying  to  work  heavy  pumping  engines  with  fly-wheels  "  in  order  to  make  the 
motion  steady  and  take  up  the  momentum  of  the  moving  parts,"  hence  the  writer 
is  not  surprised  to  learn  that  both  fly-wheels  had  their  arms  jerked  out,  and  every 
balance-bob  in  the  shaft  was  broken  from  the  spear  rods,  but  still,  when  they 
required  to  pump  from  a  depth  of  3,200  feet,  and  the  Savage  Mine  struck  a  large 
body  of  water  (160°  Fahr.)  at  the  2,200  feet  level,  their  misfortunes  were  not 
all  of  their  own  seeking.     The  three  mines  joined  hands,  more  engines  were  put  up, 
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but  1,180  gallons  from  such  a  depth  of  water  at.  that  temperature  again  beat  them, 
and  then  it  was  suggested  to  raise  the  water  by  hydraulic  engines  without  any  pump 
rods  at  all;  they  had  to  pump  1,600  gallons  per  minute  from  the  2,400  feet  level  to 
the  1,600  feet,  and  800  additional  from  the  3,200  to  the  2,400.     A  description  of  the 
machinery  is  not  needed  here,  but  far  the  hot  joints  a  copper  ring  turned  up  at  the 
edges  and  filled  with  soft  lead  was  found  very  effective ;  the  pumps  were  said  to  be 
then  raising  1,600  to  1,700  gallons  per  minute,  and  the  engine  developing   (in 
actual  water  pumped.)  a  duty  which  compared  very  favourably  with  the  best  mill 
engines  in  California.     The  proportion  of  power  developed  by  the  engine  pumps, 
that  is,  the  water  pumped  and  the  water  consumed  in  the  hydraulic  ram  cylinders, 
was  as  1,856  to  2,050,  or  90-5  per  cent.     This  is  evidently  an  excellent  and  very 
creditable  engineering  performance. 

Mr.  Henry  Davey,  of  Leeds,  has  also  as  an  engineer  done  some'  excellent  work  in 
the  designing  and  construction  of  hydraulic  or  water-pressure  engines  for  mining 
purposes.     An  interesting  account  of  his  work  and  experience  may  be  seen  in  a  paper 
he  read  to  the  Institute  of  Mechanical  Engineers,  in  1880,  where  he  describes  several 
pumping  plants  working  most  successfully  in  mines.     An  example  is  given  of  two 
engines  at  Griff  colliery,  near  Nuneaton,  employed  to  pump  out  a  very  long  dip 
working;  there  are  two  hydraulic  engines,  each  capable  of/ raising  150  gallons  to 
150  feet  through  800  feet  of  7^  inch  delivery  pipes.     Several  other  instances  of  this 
most   efficient   system   of    underground   pumping   are   given,   with    drawings   and 
descriptions  of  the  engines,  pumps,  and  valves. 

To  the  Society  of  Arts  (see  their  Journal,  Jan.  29,  1886)  the  same  writer  has 
given  an  account  of  a  still  more   interesting  arrangement  designed  by  him,  at 
Marseilles.     In  a  gallery,  which  is  subject  to  inundation,  are  placed  two  hydraulic 
pumping  engines,  delivering  the  water  into  the  drainage  gallery  of  the  mine.    At 
the  surface  is  placed  a  compound  condensing  engine,  actuating  two  double-acting 
pumps,  from  which  water  is  carried  at  a  pressure  of  forty  atmospheres.     This  water 
is  not  discharged  into  the  mine,  but  returns  again  through  a  second   pipe  to  the 
pumping  engine ;  the  effective  pressure  is  the  pressure  produced   by  the  pumping 
engine  on  the  surface.     M.  Biver,  the  engineer  at  the  mine,  has  taken  indicator 
diagrams   from  the   steam   engines,  the   pumps,   and  hydraulic  engines,  and  has 
measured  the  quantity  of  water  pumped ;  he  gives  the  following  figures : — 

Pressure  in  supply  pipe  at  prime  mover        ...         ...         ...     42  atmospheres. 

„  „  hydraulic  pump  ...         ...         •...     57  „ 

Pressure  in  return  pipe 15  „ 

Pievolutions  of  prime  mover     ...         ...         ...         ...         ...     22 

Double  strokes  of  hydraulic  pump      ...     5-12 

The  total  efficiency  of  the  whole  system  reaches      54"2  per  cent. 

The  total  work  of  the  steam  engine  was        229'2     H.-P. 

"Work  done  by  hydraulic  engine  124-2     H.-P. 

Here  we  have  an  eminently  safe  and  most  economical  system  of  transmission. 
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We  now  come  to  the  latest  invention  for  power  transmission,  and  one  which  la 
linly  the  most  interesting.  Everyone  who  has  devoted  attention  to  the  subject 
must  have  felt  that,  under  conditions  suited  to  its  use,  H  would  be  found  bo  have 
very  unusual  powers  and  value.  Unfortunately,  it  seems  to  have  fallen  Into  the 
hands  of  injudicious  friends,  who  would  hear  of  nothing  but  electricity  in  each 
and  every  case,  and  having  treated  the  question  as  one  to  be  beyond  the  reach  of 
any  dispute,  have  boomed  and  advertised  it  like  a  ruby  mine  or  a  patent  Boap. 

Let  us  take  the  very  latest  intelligence  from  the  Electrical  lit  run-  of  March  6th. 
There  we  find  that  Mr.  Kapp  has  been  giving  a  lecture  to  the  Society  of  Arts.  He 
supplies  a  table  showing  the  cost  of  plant :  in  a  variety  of  cases  varying  in  distai 
and  in  horse-power,  if  we  take  that  nearest  to  the  rope  transmission  at  Carlin  How, 
we  find  that  for  19  horse-power  transmitted  140  yards  the  cost  for  generator,  dynamo, 
line,  and  motor  would  be  £390  or  £16-8  per  horse-power,  which  is  just  twice  the 
cost  of  rope  transmission.  The  latter  would  easily  supply  the  19  horse-power  in 
the  case  quoted,  for  the  average  steam  pressure  in  the  cylinder  at  Carlin  How  does 
not  exceed  10  lbs ;  in  fact,  given  clip  sheaves  a  foot  larger,  and  a  Blight  increase  in 
the  size  of  the  rope,  the  plant  would  do  the  work  of  another  case  cited  as  costing 
£610  for  40  horse-power  the  same  distance.  Then  we  are  told  that  the  commercial 
efficiency  is  78  per  cent.,  this  is  a  repetition  of  a  statement  that  the  writer  showed 
some  time  ago  to  be  so  misleading  as  to  be  barely  honest,  because,  as  "  commercial 
efficiency  "  is  commonly  understood,  it  means  the  power  A  could  sell  to  B,  in  com- 
parison with  the  indicated  power  of  his  engine,  or  the  power  that,  say,  the  London 
Hydraulic  Co.  sell  to  their  customers  in  comparison  with  the  indicated  horse-power 
of  their  own  engines.  But  that  is  not  what  electricians  are  dealing  with,  they 
compare  the  horse-power  of  the  motor  with  what  they  put  into  the  dynamo  from 
the  belt.  At  least  so  it  was  in  some  much-vaunted  tests  known  as  the  Kriegstetten 
experiments  in  March,  1887.  The  writer  was  one  who  in  Engineering  pointed  out 
this  possibly  unintentional  perversion,  and  we  heard  later  that  the  learned  professors 
who  made  the  experiments  "smiled  at  the  preference  given  by  practical  engineers  to 
mechanical  power  tests."  Of  course  such  gentlemen  in  their  own  laboratories  may 
use  what  tests  and  descriptions  they  like,  but  when  they  put  them  before  the  world 
cloaked  in  expressions  such  as  "commercial  efficiency"  they  should  know  that 
practical  men  understand  by  such  a  term  as  "  commercial "  that  it  has  a  well 
recognized  meaning,  and  to  call  the  work  done  in  the  dynamos  by  that  term  is 
quite  unwarrantable. 

Well,  to  return  to  the  leaderette  in  the  Electrical  Review  of  March  6,  1891 : 
notwithstanding  this  commercial  efficiency  of  78  per  cent.  "  this  company  at 
.Schaffhausen  charges  £13  12s.  per  horse-power  delivered  per  annum,  which  is  con- 
siderably less  than  steam  power  in  the  district."  It  may  be  less  costly  than  steam 
power  in  that  district,  but  if  so,  it  is  not  a  district  to  which  the  writer  would  be  drawn 
as  suitable  for  the  erection  of  any  kind  of  factory  requiring  power.    Let  us,  however, 
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look  a  little  nearer  home  to  electrical  power  in  collieries.  We  have  learnt  through 
the  columns  of  every  journal  in  England  of  the  work  done  at  Normanton.  These 
announcements  have  been  repeated  in  American  papers,  translated  and  put  into 
Continental  papers,  and  then  re-translated  and  repeated  in  England  as  something 
quite  new  again  ;  and  what  do  they  all  amount  to  ? 

They  have  yielded  40  per  cent.   This  is  a  very  creditable  result,  and  the  engineers 
are  to  be  much  congratulated  upon  it,  but  they  will  admit  it  is  a  very  poor  figure 
when  put  beside  the  table  shown  in  Industries  in  January,  1888,  where,  under  the 
head,  "commercial  efficiencies,"  we  find  for  certain  tests  :  generators,  88-5  per  cent.; 
motors,  90-30  per  cent,;  and  total  efficiency  of  transmission,  75-2  per  cent.     That  is" 
where  the  writer  blames  the  electrician.     They  claim  to  have  accomplished  75  per 
cent,,  and  when  they  come  to  put  it  into  actual  practice  they  only  reach  45  per  cent. 
But  now  suppose  they  do  realize  even  45  per  cent,,  are  we  justified  in  taking  into  coal 
mines  wires  which,  if  by  any  chance  they  are  injured  in  their  covering,  will  yield  fire  ? 
The  ordinary  condition  of  the  main  ways  of  our  mines  may  be  described  as  long 
dry   passages,  generally  dusty  and  lined  with  timber.     Falls  occur,  breaking  down 
perhaps  several  yards  of  timbering.    Wagons  get  off  the  road,  knocking  out  the  props, 
and  upon  those  timbers  we  have  to  hang  the  wires,  which  can  only  be  justly 
described  as   ';  fire   conduits."      A   strong  ventilation   is  passing,   and  often  for 
considerable  intervals  no  one  could  be  present  to  see  a  fire  beginning.     We  have  for 
many  years  been  doing  all  we  can  to  prevent  fire  risks,- either  from  shots  or  lamps. 
We  are  working  on  these  lines,  and  now  we  are  asked  to  introduce  electricity  !    The 
danger  seems  too  plain  to  require  to  be  enforced  by  the  large  number  of  instances  of 
fires  the  writer  could  quote  arising  from  electric  wires.     Are  we,  then,  to  argue  that 
this  powerful  medium  is  to  have  no  place  in  the  resources  of  engineering  civilization  ? 
Certainly  not.       If  the  writer  wished  to  convey  power  from,  say  the  Quayside,  at 
Newcastle,  to  Eothbury,  amongst  the  hills,  he  would  at  once  send  for  his  electrical 
friends  and  take  their  advice  and  assistance.  But  we  must  remember  that  in  London, 
where  coals  may  be  said  to  cost  a  full  average  of  the  price  in  England,  they  get  a 
horse-power  per  hour  for  0-15(1.  for  coal,  taking  1-65  lbs.  of  coal  at  15s.  per  ton, 
which  represents  all  the  saving  which  can  be  made  by  means  of  utilizing  what  are 
called  the  forces  of  nature. 

The  following  account  is  taken  from  the  report  of  the  Chief  Inspector  of  Mines 
of  the  State  of  Ohio,  and  published  in  England  at  the  end  of  last  year  :  — 

"  The  third  installation  of  electricity  during  the  year  was  at  Mine  No.  19  of 
Sunday  Creek  Coal  Company.  The  power  plant  consists  of  a  110  horse-power 
engine  and  100  hprse-power  dynamo.  The  electricity  is  conveyed  along  a  14  lb.  T- 
rail  at  such  a  height  as  to  allow  persons  and  mules  to  pass  under  it  safely.  The 
motor  car  weighs  3^  tons,  travelling  over  a  road  717  yards  long,  which,  at  one  point, 
reaches  a  gradient  of  1|  inches  per  yard.  The  motor  at  its  general  work  uses  29± 
horse-power.  It  has  supplanted  in  this  mine  10  mules,"  which  does  not  seem  to  be 
much  to  make  a  noise  about.     But  we  are  told,  in  the  inflated  language  of  these 
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elect  rical  puffs,  "  To  the  operator  this  haulage  planl  •.'litters  with  practical  teal  d 
Thai  is  just  where  it.  seems  to  the  writer  to  be  deficient.  An  engine  of  110  horec- 
power  ami  a  motor  car  of  3^  tons,  with  u  mil  overhead  in  the  dusty  coal  mine, 
charged  with  a  currenl  of  lio  volts,  nil  to  supplant  ten  mules, does  not  geem  to 
glitter  much,  unless  it  is  at  the  brushes  of  the  dynamos;  a  motor  car  of  SJ  tone 
getting  off  the  road  at  a  high  speed  and  clearing  out  all  the  timber  for  10  yards 
straight  ahead,  would  be  a  practical  feature  more  likely  to  promote  strong  language 
than,  as  is  said,  "to  commend  itself  to  the  public  ou sight." 

Conclusion. 

Looking  at  our  position,  from  a  mining  point  of  view,  we  seem  to  Bee  thai 
each  system  possesses  features,  which,  whether  they  glitter  or  not,  render  them  best 
under  special  conditions. 

The  use  of  hydraulic  power,  the  pressure  generated  on  the  surface,  and  the 
pipes  taking  the  water  down,  practically  balancing  the  work  of  lifting  it  on  its 
return,  is  one  well  worthy  of  adoption  for  all  heavy  work  to  be  done  in  the 
neighbourhood  of  the  shaft  bottom. 

For  distances  of  about  a  mile,  or  say  2,000  yards,  wire  ropes,  with  careful 
attention  to  the  fitting  and  maintenance  of  the  bearing  sheaves,  will  give  results 
equal  to  any  other  mode  of  transmission  ;  whilst  for  face  work,  beyond  the  caution- 
boards,  compressed  air,  well  cooled  in  the  generating  cylinder,  still  leaves  all 
others,  for  absolute  safety,  far  behind. 

Electricity  may  suit  for  distant  transmission  on  the  surface,  as  in  the  case  of  the 
Niagara  Cataract  Construction  Company,  who  are  going  to  take  120,000  horse-power 
by  means  of  a  tunnel  lg  miles  long,  490  square  feet  in  section,  on  a  slope  of  7  feet  to 
10,000  feet,  ''and  have  settled,"  as  they  say,  "on  its  form,  predicated  on  the  nature 
of  the  rocks  through  which  it  will  be  driven."  They,  no  doubt,  will  be  quite  right  in 
adopting  this  medium  if  the  scheme  is  to  have  any  success  at  all,  but  they  must 
remember,  that  not  only  in  this  country  where  coals  are  cheap,  but  on  the  Con- 
tinent, steam  has  gradually  but  surely  supplanted  both  wind  and  water-mills — even 
the  picturesque  old  windmills  of  Holland  are  disappearing. 

The  fact  is,  that  where  power  upon  the  surface  is  required  in  what  may  be  called 
bulk,  no  natural  force  can  compete  with  a  modern  engine  and  boiler  (where  coals  are 
available  at  an  average  rate)  with  any  chance  of  success,  especially  if  it  involves  the 
use  of  such  a  complication  of  machinery  as  turbines,  dynamos,  wires  and  motors. 
In  a  recent  estimate  by  Professor  Witz.  of  the  cost  of  engine-power,  made  with  a 
view  to  prove  that  a  good  gas  engine  can  compete  with  steam,  and  therefore  by  no 
means  too  favourable  to  the  latter,  after  a  liberal  allowance  for  first  cost,  interest 
and  depreciation  at  15  per  cent,  per  annum,  Cardiff  coal  at  21s.  10d.,  oil,  grease,  and 
wages,  he  makes  the  cost  per  actual  horse-power  on  the  brake  not  more  than  xb<lis  of 
a  penny  per  hour.  If,  however,  the  question  is  one  of  small  quantities  in  workshops, 
as  in  Paris,  then  of  course  in  such  cases,  there  is  a  field  for  economical  systems  of 
transmission  of  power. 
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However,  as  a  writer  on  a  similar  undertaking  a  short  time  ago  said  :— "  This  was  1 1  > 
be  used  for  driving  engines  in  the  town,  and  the  place  converted  into  a  manufacturing 
city  ;  but  up  to  the  present  very  few  consumers  have  been  found,  showing  that  it  is 
much  easier  to  create  motive  power  than  a  manufacturing  industry  for  using  the  same." 


The  President  hoped  this  paper  would  bring  out  an  interesting  discussion  and 
that  electricians  would  be  sufficiently  roused,  on  the  subject  upon  which  Mr. 
Steavenson  had  so  severely  criticized  them,  and  reply  particularly  with  regard  to  the 
power  that  could  be  utilized  by  the  application  of  electricity. 

Mr.  Henry  Lawrence  said  that  the  subject  was  very  interesting  to  him  as  he 
had  for  the  last  thirty-three  or  thirty-four  years  advocated  the  use  of  compressed 
air  as  a  motive  power  for  mining  purposes,  and  they  might  remember  some  eighteen 
or  twenty  years  ago,  Mr.  W.  N.  Taylor  read  a  paper  before  the  Institute :  and  a  pair 
of  compressing  cylinders  being  erected  at  Ryhope  Colliery,  the  then  Mr.  John  Taylor 
asked  him  (Mr.  Lawrence)  how  many  underground  engines  this  pair  of  33-inch 
air  cylinders  would  work.  He  replied  that  he  thought  about  four.  They  commenced 
with  a  pair  of  14-inch  hauling  engines,  and  he  thought  there  were  now  four 
or  five  pairs  working  at  various  distances  from  one  to  two  miles  from  the  shaft 
underground.  That  seemed  a  large  amount  of  work  when  they  considered  they  were 
a  pair  of  32-inch  steam  cylinders,  5-feet  stroke;  the  economy  certainly  verified 
everything  Mr.  Steavenson  had  said  as  to  t lie  power  utilized.  In  ascertaining  the 
utilized  power  of  compressed  air,  mechanical  engineers  did  not  seem  to  be  so  well  up  in 
cooking  the  accounts  as  the  electrical  engineers  appeared  to  be.  The  diagrams  from  the 
whole  of  the  engines  should  be  taken  at  the  same  time  in  making  an  ascertainment. 
There  was  frequently  a  very  large  amount  of  waste  of  compressed  air,  because  the 
power  is  used  intermittently,  and  sufficient  care  is  not  taken  to  prevent  waste  from 
the  safety-valve ;  this  tells  of  course  against  the  motor  in  the  shape  of  wasted  coal. 
With  respect  to  cooling  the  air,  they  had  adopted  the  plan  of  placing  a  pump  alongside 
the  compressing  cylinder,  and  working  with  the  same  stroke  as  the  engines,  to  force  the 
water  in,  in  a  very  fine  jet,  as  in  France,  and  meeting  the  compressed  air.  Previously 
it  used  to  be  taken  in  at  the  suction  side.  A  better  result  was  obtained  by  a  long 
stroke  working  simultaneously  with  the  stroke  of  the  compressor,  rather  than  putting 
an  eccentric  on  the  shaft  and  only  a  small  stroke  to  the  injector.  Freedom  from  wear 
in  the  cylinder  could  be  obtained  by  using  pure  water  and  a  self-acting  lubricant. 

The  President  said  the  discussion  would  be  adjourned  to  another  meeting.  He 
was  sure  they  would  accord  to  Mr.  Steavenson  a  hearty  vote  of  thanks  for  the  fund  of 
information  which  he  had  given  them  in  his  paper. 

This  was  carried  with  acclamation. 

Mr.  Steavenson  acknowledged  the  complimenl  ami  said  lie  was  always  glad  to 
do  what  he  could  for  the  Institute.  He  had  been  a  member  now  for  thirty-sis  years, 
and  as  time  was  passing  away  they  should  all  do  what  they  could  while  life  remained. 

The  meeting  then  concluded. 

P 
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BY  his  Son.  IIimiii    FENWICK    BOYD. 

Edwabd  Fenwick  Boyd,  the  subjecl  of  this  memoir,  was  the  third  Bon  of  the  late 
William  Boyd,  of  Newcastle-upon-Tyne,  a  banker  and  a  partner  in  the  Newcastle 
Old  Bank,  of  which  the  then  Sir  Matthew  White  Ridley  was  the  head.  Be  was  born 
on  the  30th  day  of  August,  1810,  a!  a  house  'hen  occupied  by  my  grandfather,  the 
name  of  which  was  Egypt .  My  grandmother  died  young,  in  1818,  leaving  my  grand- 
father a  young  family  to  bring  up,  Edward  being  at  thai  time  only  eight  years  old. 

My  father's  earliest  experiences  of  education  were  hail  at  a  day  school  kepi  by  one 
Harry  Atkinson  in  the  High  Bridge.  In  1821  he  was  sent  to  a  school,  then  of  Bome 
note  in  the  North  of  England,  kept  by  the  Rev.  George  Newby,  rector  of  Witton-le- 
Wear,  where  he  remained  till  July.  182(1. 

It  was  while  he  was  at  the  Witton  Grammar  School  thai  my  father  showed  a  taste 
for  drawing.  Some  rough  pencil  sketches  of  his,  drawn  from  nature,  attracted 
the  attention  of  Mr.  Edward  Swinburne,  who  persuaded  my  grandfather  to  send 
him  to  take  lessons  from  the  late  Mr.  T.  M.  Richardson,  senior. 

From  August.  1826,  to  August.  1830,  he  "served  his  time" — first  at  Cocken  White 
House,  and  afterwards.  I  believe,  at  Bowes'  House  with  Mr.  Thomas  Crawford,  then 
manager  of  Lord  Durham's  extensive  collieries.  Mr.  Crawford  was  a  viewer  of  the 
old  school,  and  under  him.  undoubtedly,  he  learnt  very  thoroughly  the  practical  part 
of  his  business,  as  it  was  then  understood. 

In  1830  my  father  went  to  Edinburgh  University  for  the  session  commencing  in 
October  of  that  year,  and  here  he  stayed  until  the  following  May.  attending  lectures 
during  two  sessions  of  the  University.  After  this  all  too  short  university  training — 
all.  however,  that  was  deemed  necessary  at  that  time — he  returned  home  to  Ryton 
Grove,  and.  to  use  his  own  language,  from  May.  1831,  to  October,  1832,  he  was  "an 
idle  man  at  home."  He  kept  his  hand  in  during  these  years  by  going  regularly 
down  the  Towneley  Main  Colliery,  and  in  the  latter  year  visited,  in  company  with 
the  late  Mr.  Matthias  Dunn,  various  collieries  in  Scotland,  at  Preston  Grange,  near 
Edinburgh,  and  at  Kilmarnock.  Middleton,  and  Dalmcllington  in  Ayrshire.  It  was 
probably  through  Mi-.  Dunn  that  he  obtained  his  first  appointment  as  underviewer 
antl  surveyor  at  the  Hetton  Colliery  in  1832,  the  late  Mr.  John  Robsorj  being  the 
resident  viewer. 

In  1837  he  removed  to  Urpeth,  as  resident  viewer  of  the  TJrpeth  Colliery,  then 
owned  by  Messr>.  Bell,  Morrison.  ..V  Co.  It  was  in  this  year  also  that  he  obtained, 
mainly  through  the  influence  of  Archdeacon  Thorp,  rector  of  Ryton,  ami  an  old 
frien  I  of  my  grandfather,  the  appointment  oi  mineral  agent  to  the  Dean  and  Chaptei 
of  Durham  upon  the  retirement  of  Mr.  T.  Fenwick.     This  agency,  which  he  held  at 
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first  under  the  Dean  and  Chapter  of  Durham,  ami  afterwards  under  their  successors. 
the  Ecclesiastical  Commissioners  for  England,  until  his  death,  gave  him  an  un- 
rivalled experience  of  the  Durham  coal-field. 

At  this  time  also  he  became  manager  of  Wylam  Colliery,  on  behalf  of  the  Blackett 
family. 

During  the  next  twenty  years,  from  1837  to  1857,  my  father  continued  to  live  at 
Trpeth  House.  In  1841  he  married  Ann,  daughter  of  Mr.  George  Anderson,  of 
Newcastle-upon-Tyne. 

The  North  of  England  Institute  of  Mining  Engineers  was  founded  in  1852. 
.Many  serious  accidents  in  mines  had  taken  place  at  or  about  that  time,  notably 
at  Haswell  in  184-1  and  at  Seaton  Colliery  in  1852.  The  need  was  felt  for  some 
medium  of  intercommunication  between  mining  engineers  and  those  interested 
in  pit  management,  with  a  view,  if  possible,  of  ascertaining  their  causes  and  pre- 
venting their  recurrence.  Out  of  this  need,  felt  long  before,  but  expressed 
apparently  at  first  at  the  inquest  which  followed  upon  the  accident  at  Seaton 
Colliery,*  sprang  the  Northern  Mining  Institute.  My  father  lent  all  the  assistance 
in  his  power  to  its  formation  anil  advancement,  was  a  constant  and  assiduous 
attendant  at  its  meetings,  and  served  the  office  of  Treasurer  from  its  foundation  until 
1869,  when  he  was  elected  President  upon  the  resignation  of  Sir  George  Elliot.f 

In  1855  my  grandfather  died,  leaving  behind  him  a  moderate  fortune,  of  which 
my  father  had  his  share.  The  bulk,  however,  was  held  in  shares  of  the  Northumber- 
land and  Durham  District  Bank,  which,  during  the  mania  for  joint  stock  banks  in 
1845.  had  replaced  the  old  firm  of  Sir  Matthew  White  Ridley  &  Company.  In  1856 
my  father  bought  the  property  at  M<3or  House,  where  he  afterwards  resided,  built 
himself  a  house,  resigned  his  position  as  manager  of  Urpeth  Colliery,  and  was  pro- 
posing to  take  life  somewhat  more  easily.  Then  came  the  financial  crisis  of  1857, 
and  the  District  Bank  went  down.  Those  were  days  before  the  companies'  statutes 
had  permitted  a  shareholder  to  limit  his  liability,  and  the  calls  upon  the  shares 
which  my  father  held  in  the  bank  engulphed  not  only  the  fortune  which  he  had 
inherited  from  my  grandfather,  but  his  private  savings  also,  and  he  saw  himself  at 
the  age  of  forty-seven  with  a  young  family  to  educate  and  his  fortunes  to  begin 
afresh.  Such  a  prospect  might  have  daunted  a  less  buoyant  nature.  It  only  nerved 
him  to  fresh  exertions.  He  kept  on  his  old  and  took  on  new  agencies,  and  the  years 
from  1857  to  1872  were  among  the  busiest  and  fullest  of  his  full  and  busy  life. 

See  the  inaugural  address  of  Sir  George  Elliot,  Transactions,  vol.  xviii.,  p.  20.  The  inquest  took 
place  upon  the  23rd  Junt-,  185.'.  A  meeting  of  colliery  owners  and  viewers  was  held  at  the  Coal  Trade 
Offices  upon  the  3rd  of  July  (vol.  i.,  p.  5),  at  which  a  committee  was  appointed  to  report.  The  committee 
reported  at  a  subsequent  meeting  upon  the  21st  of  August,  and  officers  were  appointed  and  the  Institute 
sprang  into  full  being  upon  the  same  day. 

t  He  contributed  to  the  Institute  the  following  papers  :— 

(1)  "On  a  Part  of  the  Carboniferous  or  Mountain  Limestone  Series  of  North  Northumberland.  — 
Transactions,  vol.  ix.,  page  185.  _  .         _     ,.  ,. 

(2)  In  conjunction  with  Mr.  Nicholas  Wood,  "  On  a  Wash  or  Drift  through  a  portion  of  the  Coal-held  of 
Durham— Transactions,  vol.  xiii.,  p.  69.  . 

(3)  "Remarks  on  the  Coal-Measures  and  Oil  Produce  of  the  United  States  of  America.  —Transactions, 
vol.  xxv.,  p.  145.  ,  ,      ,  .  ,      ..    .     ,.«.         . 

(4)  He  had  a  large  manuscript  collection  of  sections  of  the  various  strata  through  which  pits  in  ditterent 
parts  of  the  counties  of  Durham  and  Noithumberland  were  sunk.  Some  of  these  were  published  by  the 
Mining  Institute  separately  from  the  Transactions. 
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In  1858  my  father  became  the  chief  min  r  to  the  Consetl   [ron  Com- 

pany, and  until  I^7l'  he  directly  superintended  the  working  of  theii  various  colli. 
In  1S7l»  he  relinquished  the  more  active  managemenl  into  the  hands  of  hia  friend  ami 
inn  hit  assist  a  ni.  Mr.  W.  II.  Eedley,  bu1  continued  hia  connexion  with  the-  company, 
incur,  until  August,  1  *s7. 

Upnii  the  7th  of  August,  1869,*  my  father  was  elected  Preside  I       fcnte, 

this  public  recognition  of  h  '•  imthemosl  unaffected  pride  and 

Two  principal  events  distinguished  his  term  of  office,  the  foundation  and 
affiliation  with  Durham  University  of  the  Physical  Science  College,  and  the  opening 
of  the  Wood  Memorial  Hall. 

The  project  of  a  Physical  Science  College  for  Newcastle  was  of  old  standing.  It 
engaged  the  earnest  attention  and  anxious  thought  of  the  first  founders  of  the 
Institute.  It  is  referred  to  in  more  than  one  of  Mr.  Nicholas  Wood's  annual 
addresses  to  the  Institute,  and  my  father's  diary  for  1855  shows  that  he  was  in 
communication  with  Mr.  Wood  upon  the  subject  in  that  year. 

It  was  felt  that  to  affiliate  the  Mining  College  with  Durham  University  would 
give  it  a  prestige  that  it  would  not  otherwise  possess.  And  on  the  other  hand 
it  might  not  he  improper,  nor  in  disaccord  with  the  intentions  of  the  founders  of 
that  University,  if  some  portion  of  its  revenues  were  diverted  for  the  endowment 
of  professorships  of  chemistry,  geology,  mining,  and  mathematics,  subjects  which 
bore  specially  upon  the  training  of  those  who  had  to  manage  the  staple  indusi 
of  the  district.  My  father  very  shortly  after  the  foundation  of  the  Institute  acted 
as  intermediary  between  the  Institute  and  Archdeacon  Thorp,  then  Warden  of  the 
University,  with  a  view  to  obtaining  his  co-operation  towards  the  furtherance  of 
these  objects.  But  the  project  at  that  time,  for  various  reasons,  which  it  is  not 
necessary  to  recapitulate,  fell  through.  Through  years  of  discouragement  my  father 
clung  to  the  idea  with  characteristic  pertinacity,  and  endeavoured  to  inoculate 
others  with  the  same  enthusiasm.  At  last,  in  1870,  his  opportunity  came,  and  he 
promptly  seized  it.  There  was  at  that  time  a  conjuncture  of  favourable  circumstances. 
The  trade  of  the  district  was  in  a  nourishing  condition.  There  was  a  strong  and 
well-sustained  demand  for  young  men  of  ability  and  energy  to  manage  the 
industries  of  the  district.  The  need  for  a  more  thorough  scientific  training  was 
self-evident ;  and  the  present  Dean  of  Durham,  whose  reputation  had  preceded  him, 
was  installed  as  Warden  of  the  University.  The  time  seemed  ripe  for  a  new 
departure.  Very  shortly  after  his  arrival  in  Durham  my  father  called  upon  Dean 
Lake,  and  laid  the  whole  case  before  him.  The  Dean  listened  favourably,  and 
asked  for  further  confirmation  of  his  views.  This  was  supplied  by  Sir  Isaac  Lowthian 
Bell,  who  had  come  into  the  plan  warmly,  and  whose  high  scientific  attainments 
well  qualified  him  to  give  assurance  on  the  subject.  The  Dean  writes  : — "  It  was 
owing  to  their  advice  that  it  was  determined  to  found  the  College  at  Newcastle,  and 

*  Transactions,  vol.  xviii.,  p.  153.    His  Inaugural  Address  as  President  was  delivered  upon  the  6th  of 
November,  1869.    Transactions,  vol.  xix.,  p.  41. 
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not,  as  some  wished,  at   Durham:  audit  was  by  their  supportand  encouragement 

that  a  large  sum  of  between  £30.000  and  £40,000  was  collected,  which,  in  addition 
to  the  annual  subvention  from  this  University,  was  the  means  of  founding  the 
College."  The  movement  gathered  impetus  as  it  went.  If  I  may  judge  from  the 
entries  in  my  father's  diary,  the  subject  was  hardly  ever  absent  from  his  thoughts 
from  the  autumn  of  18G9  until  the  matter  was  completed  in  1871.  On  the  9th  of 
November.  1869,  a  committee  was  formally  appointed  by  the  Mining  Institute  to 
confer  with  the  Principals  of  Durham  University.  Many  private  conferences  took 
place  in  1S70  between  the  Dean  of  Durham,  my  father,  Sir  Isaac  Lowthian  Bell, 
and  others  interested  in  the  movement,  at  which  the  basis  of  agreement  was  settled. 
Upon  the  11th  of  March,  1871.  the  matter  was  ripe  for  public  discussion,  and  a  meet- 
ing was  held  in  Newcastle,  before  which  my  father  laid  the  proposals  of  the  Dean. 
Upon  the  25th  of  March,  1871,  another  public  meeting  in  continuation  took  place, 
at  which  the  Dean,  who  was  present,  further  developed  his  proposals,  some  of  which 
had  been  criticized  at  the  previous  meeting.  They  were  then  unanimously  adopted, 
and  subscriptions  to  a  large  amount  upon  the  suggestion  of  Mr.  Joseph  Cowen  were 
promised  in  the  room.  The  matter  then  proceeded  rapidly  and  smoothly,  and  the 
constitution  of  the  College  was  passed  upon  the  10th  of  June,  1871.*  For  the 
smooth  and  successful  working  out  of  the  details,  the  College  owes  a  deep  debt  of 
gratitude  to  the  late  Mr.  T.  W.  Bunning.  For  many  years  my  father  was  hardly 
ever  absent  from  the  Council  meetings  of  the  College,  he  always  took  the  warmest 
interest  in  its  welfare,  and  looked  forward  eagerly  to  the  erection  of  such  a  building  as 
the  College  now  possesses.  My  father,  to  his  great  regret,  was  not  able,  owing  to  ill- 
health  (he  had  had  a  slight  threatening  of  paralysis  in  the  spring  of  that  year),  to 
attend  the  ceremony  when  the  foundation  stone  of  the  new  buildings  was  laid  upon 
the  loth  of  June,  1887.  His  views  as  to  the  proper  aims  and  aspirations  of  the 
College,  and  as  to  the  best  means  in  his  opinion  of  attaining  success,  are  contained 
in  two  letters  which  he  published  in  the  Newcastle  journals.f 

It  is  hardly  necessary  to  do  more  than  refer  to  the  opening  of  the  Wood  Memorial 
Hall  in  the  summer  of  1872,  upon  which  occasion  my  father  as  President  delivered 
an  address.!  ^  gave  a  local  habitation  to  the  mining  body,  and  besides  doing  honour 
to  their  first  President,  evidenced  the  full  growth  of  an  Institution  over  whose  infancy 
Mr.  Wood  had  watched  with  loving  care.  My  father's  health  at  that  time  was  the  sub- 
ject of  grave  anxiety  to  his  family  and  friends,  but,  after  a  successful  and  skilful 
operation  at  the  hands  of  Sir  James  Paget,  for  many  years  afterwards  he  enjoyed  his 
wonted  health  and  vigour. 

In  1875,  my  brother,  Robert  Fenwick  Boyd,  joined  my  father  as  partner,  and  from 
that  time  forward  took  from  off  his  shoulders  all  the  heavier  part  of  his  work.     In 

*  See  the  following  references,  where  further  information  upon  this  subject  will  be  found  :—  Times 
(leading  article),  9th  November,  1869;  Times,  12th  November,  1869  (tetter  from  the  Dean  of  Durham  in 
reply) :  Newcastle  Daili/  Chronicle,  13th  aud  27th  March,  1^71  (accounts  of  the  public  meetings) ;  Durham 
Comity  Advertiser,  12th  November,  1869,  and  31st  March  and  12th  May,  1871;  Times,  12th  April,  1871 
(leading  article). 

t  Newcastle  Daily  Chronicle,  October  13th,  1885,  and  Newcastle  Daily  Journal,  in  June  or  July,  1887. 

I  Transactions,  vol.  xxi.,  p.  223. 
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this  year  also  he  visited  for  the  liist  and  only  time  in  bis  life  the  United  States,  and 
there  gathered  the  materials  for  a  paper  upon  ••The  Coal-Measures  and  Oil 
Produce  of  the  United  States  of  America,"*  which  was  the  last  he  read  before  the 
Institute. 

About  this  time  he  was  made  a  magistrate  for  the  county,  and  henceforward 
devoted  a  good  deal  of  his  time,  while  health  remained,  to  the  administration  of  the 
Law  and  to  county  business.  He  broughl  to  the  exercise  of  his  new  functions  the 
same  pervading  sense  of  duty  which  was  the  keynote  of  his  life ;  ami  served  usefully 
and  energetically  upon  many  of  'In-  committees  through  which  the  business  of  the 
county  was  principally  conducted. 

My  father's  health  began  visibly  to  fail  in  1883. 

I  was  absenl  from  England  for  about  two  years ai  thai  time  without  seeing  him, 
ami  upon  my  return  in  the  summer  of  1884  the  change  was  very  marked.  From  a 
young  man  he  had  become  suddenly  an  old.  Old  age  winch  makes  others  talkative 
seemed  to  impose  silence  upon  him,  and  it  was  very  sad  to  see  one  who  had  been  the 
merriest  and  brightest  of  the  family  circle  sit  Bilently  ami  abstractedly  in  the  place 
where  formerly  his  sallies  and  his  stories  hail  been  wont  to  "  set  the  table  on  a  roar." 
Yet  I  do  not  think  he  was  unhappy,  and  he  was  carefully  watched  and  tenderly  cared 
for  by  a  much  loved  daughter,  who  had  since  my  mother's  death  in  1861  taken,  so  far 
as  it  was  possible  for  anyone  to  take,  her  place  beside  him.  It  is  pleasant,  too,  to 
think  that  his  powers  of  mind  never  failed  him  and  that  he  was  able  to  take  much 
interest  in  his  garden,  in  his  books,  and  above  all  in  his  beloved  painting,  down  to 
within  four  days  of  his  death. 

And  so  the  end  came  upon  the  31st  of  August,  1889.  quietly  and  peacefully,  though 
somewhat  suddenly  at  the  last. 

*  Transactions,  vol.  xxv.,  p.  145. 


PROCEEDINGS.  Ill 


NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


GENERAL     MEETING, 

Held  in  the  Wood  Memorial  Hall,  Newcastle-upon-Tyne, 

June  13th,  1891. 


Mr.  Wm.  Cochrane,  President,  in  the  Chair. 


SECRETARY    AND    TREASURER. 
The  President  said  that  the  council  had  that  day  given  the  appointment  of 

Secretary  to  the  Institute  to  Mr.  M.  Walton  Brown,  who  had  for  many  years  been 
closely  connected  with  them  as  a  member  of  Council  and  as  a  contributor  of  papers, 
he  would,  no  doubt,  continue  to  devote  every  attention  to  the  interests  of  the 
Institute.     The  appointment  of  Treasurer  had  been  given  to  Mr.  Reginald  Guthrie. 


The  Secretary  (Mr.  M.  Walton  Brown)  read  the  minutes  of  the  last  meeting, 
ami  reported  the  proceedings  of  the  Council. 


The  Secretary  then  read  the  balloting  list  for  the  election  of  officers  for  the 
year  1891-92. 


The  following  gentlemen  were  elected,  having  been  previously  nominated : — 
Members — 
Mr.  D.  Selby  Bigge,  Electrical  Engineer,  27,  Grey  Street,  Newcastle-on-Tyne. 
Mr.  Joseph  J.  Henderson.  Civil  Engineer,  U.S.  Engineer's  Office,  Kingsbridge. 
New  York,  U.S.A. 

Associate  Member — 
Mr.  John  Hunt  Hedley,  Valuer,  John  Street,  Sunderland. 

Associates — 
Mr.  Edward  Griffith,  Assistant   Manager  and  Surveyor,  Fitzwilliam   Hems- 
worth  Colliery,  Wakefield. 
Mr.  William  Parkinson,  Back  Overman,  South  Moor,  Chester-le-Stieet. 
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The  following  gentlemen  were  nominated  Eor  election: — 
Members — 
\h.    Brnesl    P.  Ayton,   Mining    Engineer,    El    Bote    Mining    Negotiation, 

Zacatecas,  Republic  of  Mexico. 
Mr.  Charles  Spearman  Cames,  Colliery  Manager,  Peases'  Weal  Colliery,  Crook. 
Mr.  Robert  Middleton,  Hydraulic  Engineer,  Sheep  Scar  Foundry,  Leeds. 
Mr.  John  Stukley    Palmer  Samborne,  Mining  Engineer,  Timsbury  House, 

Bath. 
Mr.  Samuel   Hare,   Mining   Engineer,   Brymbo   Collieries,   Wrexham,   North 

Wales. 
Mr.  Wm.  Hay,  Jun.,  Manager  of  Mines,  Wood  View   House,  Stanton,  Burton- 

on-Trent. 
Mr.  George  Hurst,  Mining  Engineer,  58,  Eldon  Street,  Newcastle-on-Tyne. 

Associate  Member- 
Mi-.  Edward  Ellison  Bigge,  Secretary,  General  Mining  Association,  Blomlield 

House,  London  Wall,  London,  E.C. 
Students — 
Mr.  David  Douglas,  Mining  Student,  Trimdon  Grange,  H.S.O..  Co.  Durham. 
Mr.  Nelson  Ashbridge  Simpson,  Student   Mining  Engineer,  North  Navigation 

Collieries,  Maisteg,  Bridgend,  South  Wales. 


Mr.  J.  Kenneth  Guthrie  then  read  the  following  paper  on  the  "  Pumping 
Appliances  at  Eltringham  Colliery": — 
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PUMPING  APPLIANCES  AT  ELTRINGHAM  COLLIERY. 
By  J.  Kenneth  Guthrie. 

This  colliery,  a  little  to  the  west  of  Prudhoe-on-Tyne,  and  on  the  western  verge 
of  the  Northern  Coal-field,  is  worked  by  two  pits. 

l.-The  old.  or  Eltringham  Colliery,  producing  coal  and  clay  from  the  Broekwell 
Seam  ;  and 

2.-The  new,  or  West  Tyne  Colliery,  sunk  to  and  working  the  Crow  Coal  Seam 
14  fathoms  below  the  Broekwell  Seam,  and  45  fathoms  from  the  surface,  the  seam 
at  this  point  consisting  entirely  of  cannel,  averaging  about  I  foot  7  inches  in  section. 
It  is  to  the  latter  colliery,  where  a  large  feeder  of  water  was  met  with,  that  this 
paper  will  apply. 

It  may  be  of  interest  to  give  a  section  below  the  Broekwell  Seam,  as  little  is 
generally  known  of  this  ground  :— 
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Fms.  Ft  In.  Pma.  Ft.  In. 
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The  shaft  was  sunk  dry  to  the  Brockwell  Seam,  where  a  feeder  of  400  gallons  per 
minute  was  met  with,  and  a  14-inch  sett  was  put  in,  worked  by  a  double  Ruston 
and  Procter  compound  engine,  20-horse-power,  cylinders  9  inches  and  14  inches, 
with  boiler  on  top  ;  geared  7  to  1,  and  T-bob  quadrants. 

This  kept  the  sinking  going  till  within  6  fathoms  of  the  Crow  Coal  Seam,  when 
the  feeder  increased  to  700  gallons  per  minute,  then  a  second  14-inch  sett  was  put  in, 
worked  by  the  same  engine,  and  with  these  two  setts  the  Cannel  Seam  was  won. 
But  the  work  proved  too  heavy  for  this  engine,  and  another  of  locomotive  type, 
with  two  16-inch  cylinders  and  5-feet  stroke,  was  erected,  and  worked  the  two 
14-inch  setts  until  6  feet  of  sump  was  put  on.  The  water  continued  increasing  till 
pumps  were  going  24  strokes  and  engine  96  strokes  per  minute,  and  lifting  1 ,550 
gallons,  but  owing  to  the  high  speed  breakages  were  very  frequent. 

Iron  water-cages  were  now  put  in,  during  the  day  the  pit  drawing  coal  and  stone 
on  one  side  and  water  on  the  other,  at  night  both  water-cages  were  in.  They  held 
418  gallons,  and  were  constructed  of  best  Low  Moor  iron,  and  made  by  Messrs. 
Joseph  Cook  &  Son,  Washington.  They  ran  in  wood  guides  in  the  same  way  as 
an  ordinary  cage,  and  were  provided  with  self-acting  teaming  gear. 

It  was  soon  found  necessary  to  put  in  another  sett,  and  one  19-inches  diameter 
was  put  in  provided  with  a  15-feet  working  barrel,  so  that  it  could  be  worked  with  any 
type  of  engine  which  it  might  afterwards  be  decided  to  erect.  At  this  time  it  was 
worked  by  the  20-horse-power  engine,  formerly  mentioned,  geared  14  to  1,  working 
a  4-feet  stroke,  the  other  engine  being  brought  down  to  16  strokes,  the  water-cages 
being  done  away  with  for  a  time. 
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Owing  to  increased  feeder  of  water  these  arrangements  were  soon  found 
inadequate,  and  as  the  speed  of  the  pumps  and  engines  were  so  great  and  the  boilers 
not  what  they  should  be.  it  was  decided  to  erect  a  powerful  pumping  engine, 
sufficiently  large  to  keep  under  any  probable  feeder  that  might  hereafter  be  met 
with.  Various  plans  were  considered  which  need  not  be  entered  into,  as  this  paper  is 
not  meant  to  advocate  any  special  type  of  engine,  but  simply  to  illustrate  an 
arrangement  which  has  successfully  met  and  conquered  difficulties,  and  which  has 
given  every  satisfaction. 

The  engines  were  supplied  by  Messrs.  Carrick  &  Wardale,  and  consist  of  a  double 
horizontal  compound  condensing  engine  of  the  tandem  type  (see  Figs.  1  and  2, 
Plate  XLIL),  having  two  cylinders,  and  one  air-pump  in  a  direct  line  on  each  bed- 
plate, the  two  high  pressure  cylinders  being  19  inches  diameter,  and  the  two  low 
pressure  cylinders,  35  inches  diameter :  the  two  air-pumps  are  1 0  inches  diameter 
with  a  stroke  of  5  feet  common  to  all ;  the  engine  crank-shaft  is  fitted  with  two 
cast  steel  spur-pinions  aud  balanced  with  a  heavy  fly-wheel,  these  spur-pinions  are 
geared  into  a  counter-shaft,  on  which  are  fitted  two  massive  cast  spur-wheels  13 
feet  diameter,  and  3Tlg  pitch,  shrouded  on  both  sides,  the  gearing  being  4  to  1  ; 
on  each  end  of  this  counter-shaft  are  fitted  two  very  heavy  double-ended  forged 
steel  cranks  having  three  variable  throws  so  as  to  alter  the  stroke  of  pumps  in  pit 
as  may  be  required;  these  cranks  in  their  turn  are  coupled  direct  to  pumping 
quadrants  by  means  of  heavy  forged  steel  connecting  rods. 

The  engines  were  fitted  with  variable  expansion  gear  fitted  to  each  of  the  high 
pressure  cylinders  and  actuated  from  the  outside,  so  that  the  cut-off  may  be  regulated 
to  suit  the  requirements  of  the  load.  Provision  was  also  made  for  admitting  high 
pressure  steam  into  the  low  pressure  cylinders  for  starting,  and  the  engines  are 
controlled  by  a  powerful  governor,  hereafter  described. 

In  case  of  breakdown  or  repairs,  each  engine  can  be  worked  independently  of 
the  other,  and  the  air-pumps  can  be  shut  off  and  the  engines  allowed  to  exhaust  into 
the  atmosphere,  either  with  one  engine  or  two,  and  from  this  it  will  be  recognized  that 
every  precaution  has  been  taken  to  avoid  stoppages  or  laying  the  pit  idle  if  repairs 
are  needed  to  pumping  set  quadrants  or  one  of  the  engines. 

The  whole  of  the  gear,  including  crank-shaft,  counter-shaft,  piston  rods,  con- 
necting rods,  and  valve  spindles,  are  of  forged  Siemens-Martin  steel,  and  the 
cylinders  are  lagged  with  silicate  cotton  to  prevent  condensation.  The  whole  engine 
throughout  is  very  massively  built,  and  all  wearing  surfaces  are  very  large  ;  care  hav- 
ing been  taken  to  make  as  many  parts  as  possible  adjustable.  They  are  bolted  down  to 
a  solid  concrete  foundation  about  16  feet  deep.  Some  idea  of  the  size  of  the  engines 
may  be  gleaned  from  the  length  of  the  bed-plates,  which  are  60  feet  long.  The 
repairs  have  been  almost  nil  since  starting  in  1886,  and  as  yet  the  engines  show  no 
signs  of  needing  any. 

Quadrants. — There  are  two  steel  quadrants  fitted  on  rocking  shafts,  having  two 
large  plummer  blocks,  supported  on  each  side  by  two  heavy  bed-plates.     The  south 


lir,  PUMPING    MM'i.i  A.NCK8  ai    i;i,  i  1:1  m;  h  a.m    OOLLUBSS. 

side  quadrant  is  37  feet  2  inches  long  mid  1 1  feel  11  Inches  high,  fitted  with  two 
steel  gudgeons  over  pumps;  thai  on  tin'  north  is  :'>4  feel  LO  inohes  Ion  and  11  feet 
II  inches  high,  with  one  Btee]  gudgeon.  The  plates  and  angles  are  of  Staffordshire 
quality,  capable  of  bearing  a  tensile  strain  of  20  tons  per  square  inch:  bolts  and 
rivets  are  of  best  scrap  iron,  and  the  shafting  and  gudgeons  of  besl  hammered 
Siemens-Martin  mild  steel.  The  plumnier  block  for  the  shafts  are  of  cast  iron,  and 
have  a  bearing  I2i  inches  by  17  inches  Long.  There  are  feur  bed-plates  i:>  feel 
long,  of  cast  iron,  and  of  box  pattern,  1  foot  4  inches  deep  by  1  foot  8  in 
thick,  stiffened  by  webs;  they  are  secured  to  concrete  foundations  by  means  of 
four  3-inch  holding-down  bolts,  forged  from  best  scrap  iron.  The  stroke  of  the 
quadrants  at  the  spear  end  can  be  varied  from  fi  to  10  feet.  They  are  balanced  by 
cast  iron  weights,  about  2  tons  .">  cwts.  each,  it  being  arranged  to  easily  remove  or 
add  a  weight. 

Connecting  rods  to  pump  crank  are  25  feet  in  length,  and  are  of  the  same  steel 
as  that  of  shafting  and  gudgeons. 

The  spear  rod  ends  are  17  feet  in  total  length,  of  forged  scrap  iron,  with  gun- 
metal  brasses,  and  wrought  iron  keys.  The  sneck  key  is  made  bigger  in  the  centre, 
so  that  in  case  of  a  break  it  will  not  fall  out.  Instead  of  the  rod  end  being  made  in 
one  piece,  it  is  made  in  two  halves,  so  that  if  a  breakage  occurs  one  side  can  be  re- 
newed without  taking  the  whole  piece  off.    The  top  spear  is  plated  on  the  four  sides. 

The  spears  are  of  best  pitch  pine,  29  feet  long  and  9  inches  square,  connected  by 
spear  plates,  13  feet  long,  7  inches  broad,  1|  inches  thick  in  the  centre  and  tapered 
to  Jths  of  an  inch.  The  bolts  are  1£  inches  square,  specially  made  of  best  scrap 
iron,  placed  14  inches  from  centre  to  centre.  Clink  bolts,  §  inch,  round  iron,  are 
put  in  the  opposite  way,  and  the  same  distance  apart.  Upon  each  lift  are  two  kep- 
wings  of  wood,  bolted  to  spears,  which  in  case  of  a  fall  are  caught  by  buntons. 

Pump*. — The  shaft  is  12  feet  diameter.  There  are  in  it  at  present  four  bucket 
lifts,  two  14-inch  setts  (see  Fig.  2,  Plate  XLII.),  worked  by  the  engine  before- 
mentioned  :  one  24-inch  sett  worked  off  north  quadrant  of  new  engine,  and  one 
19-inch  sett  worked  by  south  quadrant.  Room  is  left  to  put  in  a  second  24-inch 
sett,  to  be  worked  off  spare  gudgeon  of  south  quadrant.  The  14-inch  setts,  with 
4  foot  stroke,  are  only  worked  when  the  big  engine  is  standing. 

The  24-inch  setts  with  8  feet  stroke  and  the  19-inch  with  10  feet  stroke  raise 
together  277  gallons  per  stroke.  They  usually  run  7  strokes,  giving  a  feeder  of 
1,939  gallons  per  minute.  They  can  run  up  to  12  per  minute,  or  over  3,300  gallons, 
and  with  the  14-inch  setts  going  at  the  same  time,  20  strokes  per  minute,  giving  1,000 
gallons,  gives  a  total  delivery  of  4,300  gallons.  If  an  additional  24-inch  sett  be 
found  necessary.  1,800  gallons  extra  could  be  raised,  bringing  capability  up  to 
6,100  gallons  per  minute. 

In  the  midst  of  these  four  pumps  all  coal  and  stone  is  drawn. 

The  height  of  lift  to  the  Six-Quarter  Seam  where  water  is  delivered  is  28  fathoms. 
The  water-level  being  through  old  workings,  very  much  broken  up,  is  laid  with  iron 
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pipes  2  feet  diameter,  wedged  with  wood,  and  if  there  should  be  a  stoppage  the 
water  can  be  turned  into  another  level  ill  the  Yard  Seam. 

When  the  feeders  were  first  met  with,  a  rain-gauge  was  established  to  see  if  the 
rainfall  had  any  influence  on  the  amount  of  the  feeder  ;  but  there  appears  to  be 
practically  no  relation  between  the  rainfall  and  the  feeder,  and  no  doubt  some 
deep-seated  feeder  coming  from  a  considerable  distance  is  being  pumped.  Most 
of  it  comes  from  the  post  in  the  bottom  of  sump.  On  January  20th,  1889,  the 
temperature  of  the  river  water  was  taken  and  found  to  be  66  degs.  Fahr..  immedi- 
ately afterwards  it  was  taken  down  the  pit  where  there  was  then  a  considerable 
feeder,  and  with  the  same  thermometer  was  found  to  be  44  degs.  Fahr..  a  difference 
of  22  degs. 

The  pump  trees  are  in  10-feet  lengths,  of  cast  iron,  J  inch  in  thickness,  with 
ordinary  spigot  and  faucet  joints,  an  iron  ring  wrapped  with  flannel  soaked  in 
Stockholm  tar  being  used  to  make  the  joint.  All  air  joints,  or  those  below  the 
bucket,  are  made  with  lead  weezes  wrapped  with  tarred  flannel. 

The  working  barrels  are  of  metal,  1^  inches  thick,  neatly  bored  out.  This  is 
preferred,  in  this  case,  owing  to  the  hard  nature  of  the  coal,  which  if  it  got  in 
would  soon  flute  the  barrel. 

The  buckets  and  clacks  are  of  ordinary  construction,  graithed  with  leather;  they 
are  double-keyed,  sneck  and  driving  kejrs;  they  have  both  steel  fall  plates,  §  inch 
thick,  of  soft  steel,  which  are  found  to  last  three  times  as  long  as  iron  ones.  The  bucket 
sword  is  double  hooped,  and  the  clack  bow  is  left  on  to  avoid  damage  to  the  clack 
piece  in  case  of  a  dropped  bucket  or  broken  spear,  or  in  case  it  may  have  to  be  drawn 
up  through  pumps.  The  wind-bores  are  placed  on  the  bottom,  except  that  of  the 
24-inch  sett.  This  sett  if  carried  straight  down  the  pit  would  have  come  exactly 
in  the  middle  of  the  pit  eye  :  to  avoid  this,  after  much  discussion  it  was  decided 
to  put  in  a  breeches  piece  with  two  legs,  15  inches  diameter,  as  shown  in  Fig.  3. 
The  snore  pieces  are  on  baulks,  as  when  put  in  it  was  impossible,  owing  to  a  large 
feeder  of  water,  to  get  down  to  bottom  of  sump.  It  was  a  matter  for  consideration 
whether  two  clacks,  one  in  each  branch,  or  one  clack  in  the  main  pumps,  which 
would  have  a  long  suction,  should  be  put  in;  the  latter  plan  was  decided  on. 
as  the  former  would  have  needed  a  lot  of  the  shaft  to  be  taken  out  to  get  at  the 
clacks:  as  it  was.  the  shaft  was  much  enlarged  to  get  the  legs  in.  The  length  of 
suction  is  30  feet,  a  large  amount,  but  no  difficulty  has  been  found  in  pumping,  the 
sett  being  quite  solid.  It  will  be  seen  from  Fig.  3  that  the  bend  of  the  legs  is  very 
square,  no  doubt  a  rounder  bend  would  have  been  better,  but  owing  to  having 
the  hanging-on  as  high  as  possible  the  square  form  was  adopted. 

Governor. — The  Napier  cat  governor  is  employed,  and  found  to  answer  admirably 
(Figs.  4,  5,  6,  and  7).  In  this  governor  two  hollow  discs,  B  and  C,  fitted  with  appro- 
priate blades  are  placed  face  to  face  in  a  casing  which  is  filled  with  water.  One  of 
these  discs  is  driven  by  the  engine  by  belt  pulley  E  and  spindle  D,  and  the  other 
oscillates  and  works  the  throttle  valve. 
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The  water  in  the  revolving  disc  is  thrown  ontward,  forward,  and  sideways  into 
the  oscillating  disc.  The  blades  in  the  latter  disc  defied  the  currents  from  an 
outward  and  forward  direction  into  an  inward  and  backward  direction,  and  send  the 
water  back  into  the  revolving  disc. 

This  reversing  of  the  motion  of  the  water  by  the  blades  of  the  oscillating  disc 
gives  it  a  great  tendency  to  revolve  in  the  .-ame  direction  as  the  other  disc.  This 
tendency  is  resisted  by  a  chain,  H,  attached  to  a  pulley  on  the  disc  till  the  strain  <>n 
that  chain  is  sufficient  to  lift  a  balance  weight,  K,  which  keeps  the  throttle  valve 
open.  When  that  strain  is  exceeded  it  shuts  the  throttle,  and  when  it  falls  short  the 
weight  opens  it.  L  M,  Fig.  4,  shows  the  lever  connection  to  the  throttle  valve,  and 
N  steam  pipe  with  valve. 

Though  this  may  look  in  some  respects  like  a  centrifugal  governor,  in  this  case  a 
comparatively  small  velocity  of  disc  is  required  to  get  up  a  much  greater  power  than 
with  any  centrifugal  arrangement,  and  the  power  developed  is  very  remarkahle  when 
compared  with  the  smallness  of  the  discsand  their  velocities,  whilst  a  sudden  increase 
of  velocity  produces  an  almost  instantaneous  action  on  the  throttle.  So  that  the 
whole  work  may  suddenly  be  taken  off,  with  hardly  a  perceptible  effect  on  the  engine. 

On  one  occasion,  with  14-inch  setts,  the  ball  of  the  governor  was  seen  to  fall,  the 
engine  stopped,  and  then  went  quietly  on  ;  a  man  being  sent  down  the  shaft  found  a 
spear  of  one  of  the  setts  broken. 

Almost  the  only  wearing  part  is  the  spindle  of  the  revolving  disc,  and  there  is  no 
strain  on  it.     The  governor  rope  is  made  of  strands  of  hide. 

Indicator  Tests, 
north  side  engine. 

In.  H.P. 

6  cut-off  in  H.P.  cyl.  I.H.P.  =  43-10 
18  „  „  =  48-10 
30       „        „     =  57-12 

SOUTH  SIDE   ENGINE. 
In.  H.P. 

6  cut-off  in  H.P.  cyl.  I.H.P.  =  43-82 
18  „  „  =     53-27 

30  „  ,,  =     57-48 

In.  ENGINES  COMBINED. 

6  cut-off  in  H.P.  cylinder    ... 

IS  „  „  

30  „  „  

Boiler  Test. 
1  Lancashire  boiler  30  feet  by  7  feet  6  inches,  double-Sued. 

Steam         ...         ...  70  lbs.  per  square  inch. 

Total  grate  surface  =       36  square  feet. 

„     heating    ,,  ...         ...         ...         ...     =     550         ,, 

Heating  surface  per  foot  of  grate         ...         ...     =       15-2      ,, 

Total  coal  used  in  12  hours        =4,116  lbs. 

Total  small  coal  used  in  1  hour...         ...         ...      =     343    „ 


LP. 

Total. 

9-14 

= 

52-24  I.H.P. 

9-63 

= 

57-74      ., 

16-65 

= 

73-77      „ 

L.P. 

Total. 

11-01 

= 

54-83  I.H.P. 

15-34 

= 

68-61      „ 

20-56 

= 

78-04      ., 

Total  I.H.P. 

=     107-07 

„ 

=     126-35 

>i 

=     151-81 

07-07  I.H.P 

3-2  lbs. 

98 

87 

3-9  lbs. 

60-3 
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Boiler  Test. — Continued. 
Total  I.H.P.,  as  per  diagrams,  at  normal  rate 

of  cut-off 

Coal  per  I.H.P.  per  hour  

Effective   H.P.   in   water   lifted    (3  %   being 

allowed  for  slip)      

Effective  H.P.  per  cent 

Coal  per  E. H.P.  per  hour  

Duty  in  millions  of  pounds  per  112  lbs.  of  coal 

The  coal  consumption  being  more  than  it  should  be,  owing  to  the  engines,  which 
were  made  to  pump  5,000  gallons  of  water  per  minute,  having  to  pump  at  the  pre- 
sent time  about  2,000  gallons,  it  has  been  suggested,  in  order  to  reduce  the  power  of 
the  engines  and  boilers  to  the  work  likely  to  be  required  of  them  for  some  time  : 
1st.  That  liners  should  be  put  inside  the  high  pressure  cylinders,  reducing  the  diameter 
from  19  to  1 7  inches,  and  that  new  pistons  should  be  provided  of  the  latter  diameter  :  so 
that  should  there  be  at  any  time  a  great  influx  of  water  the  liners  could  lie  with- 
drawn and  the  present  pistons  put  in  again,  and  the  engine,  if  required,  worked  up 
to  its  full  power.  2nd.  That  one  engine  should  be  used  alone.  This  has  been  tried 
with  a  lessened  consumption  of  2-8  lbs.  per  I.H.P.  but  it  is  thought  better  to  work 
two  engines,  except  in  case  of  need,  owing  to  too  much  strain  being  put  on  one  side. 

Watrr  Wheels. — The  water  from  the  pit  not  being  suitable  for  boilers,  and  the 
river  water  eminently  so,  the  feeder  after  leaving  the  adit  is  utilized  to  drive  two 
water  wheels,  which  pump  from  the  river  Tyne,  a  vertical  height  of  181  feet, 
through  500  yards  of  pipes.  They  are  both  over-shot  wheels,  the  first  one  put  in 
being  10  feet  diameter  and  2  feet  wide;  the  second  one  10  feet  diameter  and  i  feet 
wide;  the  centre  arms  and  shrouding  are  of  cast  iron,  the  buckets  and  sole-plates 
of  steel,  and  the  shaft  of  wrought  iron,  7  feet  long  and  i\  inches  diameter.  The 
smaller  wheel  works  one  double-acting  cast  iron  pump,  5  inches  diameter  and  18 
inches  stroke;  the  larger  one  works  two  single-acting  pumps,  8  inches  diameter  and 
17  inches  stroke,  the  pumps  being  placed  opposite  each  other  on  a  cast  iron  bed. 
They  are  driven  off  one  crank  pin  fixed  in  a  cast  iron  disc. 

The  feeder  of  water  obtained  from  the  large  wheel  working  12  strokes  per 
minute  is  78  gallons  ;  the  small  one  is  only  used  whilst  the  other  is  standing. 

It  may  be  mentioned  that  a  small  water  wheel,  4  feet  diameter,  is  used  under- 
ground for  driving  a  small  Schiele  fan  which  ventilates  an  exploring  heading  520 
yards  long. 

In  conclusion,  it  may  be  said,  that  nearly  everything  about  engines,  quadrants, 
etc.,  is  kept  in  duplicate,  for  as  there  is  practically  no  standage  (the  flatsheets 
being  drowned  in  about  six  hours  after  stoppage  of  pumps),  any  accident  is  a  very 
serious  matter :  but  during  the  five  years  the  new  arrangement  has  been  at  work, 
there  has  been  ouly  one  short  stop,  and  then  by  working  one  quadrant  and  the 
two  14-inch  setts  the  feeder  was  kept  under  till  the  nr-cessary  repairs  were  made. 
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The  PRESIDENT  said  this  paper  was  a  very  valuable  one,  and  was  now  open  for 
discussion.  Ee  would  like  to  ask,  so  that  fchey  might  he  quite  clear  as  to  the 
comparisons  drawn,  what  was  the  quality  of  coals  used  where  the  consumption  was 
given .' 

Mr.  J.  K.  GUTHRIE,  in  reply,  said  that  the  fuel  used  was  half  small  and  half 
unscreened.  One  boiler  only  was  used  in  the  experiments.  Of  course  tiny  had 
several  boilers  which  were  applied  to  other  purposes  as  well,  and  they  could  only 
make  short  tests  upon  one  boiler.  The  boiler  used  was  of  the  Lancashire  type, 
30  feet  Ions  and  7  feet  6  inches  diameter,  with  two  tubes  each  3  feet  diameter. 

Phe  PBBBIDBNT  said  thai  the  result  of  about  3-2  lbs.  per  horse-power  was  not  so 
good  as  thai  obtained  with  Cornish  engines,  or  Other  engines  of  a  similar  type.  He 
noticed  that  bucket  and  not  plunger  pumps  were  used,  probably  in  consequence  of 
the  standage  being  small.  The  engines  used  by  the  Lambeth  and  Chelsea  Water 
Company  were  compound  condensing  engines,  and  he  did  not  see  any  reason  why 
Mr.  Guthrie  had  not  obtained  a  result  equal  to  those  of  the  water  companies,  a 
consumption  of  about  1-90  lbs.  of  coal  per  effective  horse-power,  and  1-60  lbs.  per 
indicated  horse-power.  The  difference — whether  the  coals  were  valuable  or  not — 
meant  an  important  economy  and  an  important  difference  in  the  wear  and  tear  of 
boilers.  It  would  be  interesting  to  know  whether  the  strata,  which  yielded 
the  feeder,  outcropped  into  the  present  or  ancient  Tyne  bed,  and  whether  such 
extraordinary  feeders  at  that  depth  were  traceable  to  water  coming  from  the  Tyne 
itself.  He  thought  it  was  a  matter  of  opinion  as  to  whether  the  best  type  of  engine 
had  been  adopted  for  dealing  with  such  large  quantities  of  water.  He  referred  to 
Mr.  J.  B.  Simpson's  paper.*  Considering  the  circumstances  of  this  case,  he  inclined 
to  the  opinion  that  the  double  engines  and  L-legs,  affording  the  opportunity  of  a 
perfect  balance  of  the  lifts,  and,  in  the  event  of  increased  feeders,  of  a  much 
higher  speed,  would,  upon  comparison,  be  found  preferable  to  the  Cornish  engine. 

Mr.  A.  L.  Steavenson  said  the  writer  appeared  to  disparage  the  work  done, 
but  3  (  lbs.  per  horse-power,  with  small  coal,  and  under  the  conditions  of  a  colliery, 
was  a  fairly  good  result.  They  could  not  expect  such  good  results  at  a  colliery  as 
at  a  waterworks.  It  would  be  interesting  if  the  writer  could  tell  them  how  the 
quantity  of  water,  multiplied  by  the  vertical  height  it  was  raised,  corresponded  with 
the  indicated  horse-power.  The  pumping  of  water  was  a  subject  of  the  greatest 
interest  to  him  personally,  for  he  had  recently  been  consulted,  and  requested  to 
surest  the  most  suitable  mode  of  pumping  at  least  3,000  gallons  of  water  per 
minute,  to  a  vertical  height  of  600  feet. 

Mr.  G.  B.  Foestek  said  that  the  full  duty  might  not  be  realized  because  the 
engine  was  said  by  the  writer  to  be  working  at  about  50  per  cent,  of  its  power.  It 
was  rather  unfortunate  that  there  was  so  little  standage  for  the  water,  otherwise 
much  better  results  might  have  been  obtained  at  the  full  power  of  the  engine.    The 

*  North  of  England  Transactions  Vol.  six.,  page  206,  for  the  fullest  comparisons  of  the  duties 
of  various  types. 
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Jesuits  recorded  for  the  waterworks  engines  would  be  obtained  from  the  use  of  best 
coal,  and  should  not  be  compared  with  the  results  of  this  colliery  engine,  tired  with 
a  mixture  of  small  and  unscreened  coal.  The  recorded  temperature  of  the  water 
did  not  seem  to  him  to  prove  anything,  because,  beyond  a  certain  depth,  the  rocks 
had  a  constant  temperature  which  did  not  vary  with  the  temperature  of  the  surface. 
If  the  water  did  pass  from  the  river,  it  would,  no  doubt,  assume  the  temperature  of 
the  rocks  before  it  passed  into  the  mine.  The  temperature  of  the  water  would  only 
denote  the  temperature  of  the  strata  through  which  it  passed. 

Professor  J.  H.  Merivale  said  that  Mr.  G.  B.  Forster  had  drawn  attention  to 
the  fact  of  water  assuming  the  temperature  of  the  strata  through  which  it  flowed,  but 
Mr.  Guthrie's  obser  vat  ions  seemed  somewhat  contradictory.  The  temperature  of 
water  pumped  from  a  depth  of  59  or  60  fathoms  should  be  about  54  or  55  degrees 
Falir.  The  temperatures  were  much  lower  than  the  strata  could  have  had  at  any 
point  except  close  to  the  surface  on  a  cold  day  in  the  month  of  January.  The 
observations  seemed  to  prove  that  the  feeder  originated  near  the  surface  and  was 
not  derived  from  deep-seated  water.  It  would  be  interesting  if  the  experiments 
with  the  thermometers  were  continued  so  as  to  ascertain  whether  there  was  any 
connexion  with  the  river. 

Mi.  A.  L.  Steavknson  said  the  water  pumped  appeared  to  be  measured  over  a 
weir.  He  always  found  that  measuring  over  a  weir  was  unsatisfactory,  and  gave 
higher  results  than  if  measured  into  a  box.  They  would  find  that  most  trials  of 
turbines  which  had  been  taken  by  water  flowing  over  a  weir  were  wrong.  He  did 
not  think  that  the  efficiency  of  any  turbine  exceeded  (30  per  cent.,  but  results  were 
recorded  as  high  as  90  per  cent.  He  always  recommended  that  experiments  as  to 
the  volume  of  water  should  be  measured  in  a  boiler,  box,  or  other  means,  which 
gave  true  results,  while  only  comparative  results  could  be  obtained  from  the  flow 
over  weirs. 

Mr.  Thomas  Bell  (H.M.  Inspector  of  Mines)  asked  what  advantage  was  derived 
from  having  two  wind-bores  ? 

Mr.  Guthrie — Under  the  circumstances;  if  the  main  pumps  had  been  carried 
straight  down,  they  would  have  covered  the  inlet  to  the  cage.  The  two  wind-bores 
straddle  the  pit. 

Mr.  W.  C.  Blackett  asked  if  any  other  member  had  ever  known  a  pump  with 
such  a  vertical  height  of  suction  pipe  as  30  feet .'  Had  Mr.  Guthrie  observed  any 
difference  in  the  effects  of  the  pump  with  variations  in  the  height  of  the  barometer, 
and  had  the  working  of  the  pump  ever  been  affected  when  the  barometer  fell  very 
low? 

Mr.  GUTHRIE  said  that  they  frequently  worked  with  a  lift  of  32  feet  when  the 
water  was  low  down.  He  had  not  observed  the  effects  of  a  low  barometer  as  referred 
to,  but  he  would  have  pleasure  in  doing  so,  and  he  thanked  Mr.  Blackett  for  the 
hint.    As  regarded  the  consumption  of  fuel,  he  might  say  they  were  using  their  own 
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nial  (an  inferior  Brookwel]  Beam,  only  worked  for  their  brickworks  and  pit  use), 
inii  he  bad  uol  the  Blighted  < i < >>i t »t  he  would  have  obtained  a  retail  much  under 
.'{  lbs.  per  indicated  horse-power  if  they  had  used  suitable  coal. 

if  r.  Thomas  Bell  aid  he  would  Like  to  know  the  experience  '>t'  others  ai  to  the 
use  of  Bpur  gear  for  pumping,  especially  in  the  case  of  sinking  pits.  Be  had  a 
persona]  objection  to  ita  use.     Would  it  nol  be  better  to  work  direcl  .' 

Mr.  <ii  riiuii:  said  he  would  not  adopt  Bpur  gear  if  he  erected  another  i 
It'  the  Bpur  gear  Eailed  then  the  entire  engine  was  useless.    In  the  present  case, 
however,  with  a  pair  of  engines,  if  one  spur  wheel  gave  way,  the  r>  'lie 

other  Bide  could  be  worked,  and  together  with  one   1-4-inch  sett  would  keep  the 

pit  dry.      The  spur  win-els  were  made  ill  halves. 

The  PBE8IDENT  said  there  were  many  points  of  interest  raised  in  the  paper, 
especially  the  source  of  the  feeder,  which  he  hoped  would  he  further  investigated. 

He  asked  it'  it  was  not  at  one  time  proposed  to  dam  the  feeder  back  by  some  under- 
ground works .' 

Mr.  Uuthiue  said  he  did  not  think  that  their  feeder  of  water  was  derived  from 
the  river.  In  addition  to  difference  of  temperature  the  quality  was  quite  different, 
the  pit  water  being  of  a  limey  nature  and  totally  unfit  for  boiler  use,  whilst  the  river 
water  used  for  that  purpose  was  taken  from  within  900  yards  of  the  outcrop  of  the 
Gannel  Seam  in  the  present  riverbed.  The  damming  back  of  the  water  had  been 
suggested,  but  the  works  would  have  been  of  such  magnitude  thai  il  was  not  gone 
on  with.  The  quantity  of  water  was  measured  into  a  box,  3  per  cent,  slip  was 
found,  and  the  effective  horse-power  in  water  lifted  was  87  per  cent. 

Mr.  G.  B.  Forstek  said  it  was  very  often  a  fallacy  to  suppose  that  the  water 
found  in  a  pit  was  derived  from  sources  immediately  above  them.  A  case  came 
under  his  notice  the  other  day  in  which  they  were  working  coal  under  the  sea,  at  a 
distance  of  about  1,000  yards  seaward  from  low-water  mark,  and  they  got  a  feeder 
of  pure,  clear  water,  apparently  free  from  salt,  although  all  the  other  feeders  in  the 
district  were  brackish.  The  spring  water  feeder  could  not  have  been  derived  from 
the  sea,  and  could  only  have  reached  the  point  where  it  was  found  under  the  sea, 
through  a  fissure,  from  a  supply  on  the  land.  In  Cheshire  the  source  of  the  water 
was  frequently  many  miles  distant  from  the  brine  wells. 

Mr.  THOMAS  Kell  suggested  that  a  section  might  be  prepared  showing  the  pit 
and  the  rise  and  dip  of  the  strata  from  or  to  the  River  Tyne. 

The  vote  of  thanks,  proposed  by  the  Prksident,  and  seconded  by  Mr.  J.  B. 
Simpson,  was  cordially  adopted. 
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DISCUSSION  UPON  "AN  INVESTIGATION  AS  TO  WHETHER  THE  FUMES 
PRODUCED  FROM  THE  USE  OF  ROBURITE  AND  TONITE  IN  COAL 
MINES  ARE  INJURIOUS  TO  HEALTH." 

Dr.  P.  PHILLIPS  Bedson  exhibited  and  explained  the  apparatus  used  in  collect- 
ing the  samples  of  air  containing  the  fumes  for  experiment.  He  said  that,  as  the 
report  had  not  yet  been  issued  to  the  members  of  the  Institute,  he  would  make  a 
few  remarks  with  regard  to  the  general  ai'rangements  made,  in  attempting  to  answer 
the  question  referred  to  the  committee  as  to  whether  the  fumes  from  roburite. 
tonite.  and  gunpowder  were  injurious  to  health.  All  the  experiments  were  made  in 
the  mine  and  under  ordinary  working  conditions,  and  consequently  the  samples  of 
the  fumes  obtained  were  diluted  with  air.  The  first  difficulty  met  with  in  making 
such  an  investigation  was  to  devise  a  method  of  collecting  samples  of  the  gases. 
Samples  of  air  were  collected  at  the  places  where  the  shots  were  fired,  and  in  the 
intake  and  in  the  return  of  tie  district  in  which  the  experiments  were  made.  There 
were  samples  taken  in  the  intake  and  the  return  over  a  period  of  an  hour  or  an  hour 
and  a  half,  and  also  in  the  working  places  taken  immediately  after  the  firing 
of  the  shot.  At  the  intake,  there  was  suspended  midway  in  the  gallery  a  zinc  aspi- 
rator, having  a  capacity  of  about  600  cubic  inches.  This  apparatus  was  first  filled 
witli  water ;  the  upper  tube  was  filled  with  glass  wool ;  and  the  lower  opening  closed 
by  india-rubber  tubing,  the  opening  of  which  could  be  regulated  by  a  screw  clamp, 
so  that  the  aspirator  could  be  emptied  of  the  water  at  a  uniform  rate  in  an  hour  or 
an  hour  and  a  half,  as  required.  This  sample  of  air  was  carefully  examined  for 
other  ga-es  than  oxygen,  nitrogen,  and  carbonic  acid  gases,  the  ordinary  con- 
stituents of  air.  At  the  return,  a  similar  series  of  observations  was  made,  and  in 
addition  there  was  suspended  a  live  mouse  in  a  box  to  test  the  air  for  carbon 
monoxide  gas.  The  blood  of  the  mouse  was  afterwards  examined  by  the  spectro- 
scope, and  in  only  one  instance  did  they  find  carbon  monoxide  gas  by  this  method. 
The  most  important  part  of  the  investigation  was  the  collection  of  the  air  in  the 
place  immediately  after  the  firing  of  a  shot,  as  the  samples  in  the  intake  and  return 
only  afforded  some  idea  of  the  vitiation  produced  in  the  district.  The  samples  of 
air  obtained  after  firing  a  shot  were  collected  in  brass  cylinders  of  about  678  cubic 
inches  capacity,  provided  at  one  end  with  two  brass  tubes  to  which  stout  india- 
rubber  tubes  were  attached.  Each  cylinder  was  exhausted  with  a  good  air-pump, 
so  as  to  give  a  vacuum  of  a  fraction  of  an  inch  of  mercury.  With  the  exhau.-n  I 
cylinder  a  short  distance  from  the  working  place  the  firing  of  the  shot  was  awaited, 
then  hastening  into  the  place,  and  opening  the  cylinder  by  unscrewing  the  clamp 
the  fumes  were  drawn  into  the  vacuous  cylinder.  The  samples  of  the  gases  were 
then  transported  to  the  laboratory  for  examination.  The  investigation  had  shown 
that  in  the  case  of  each  of  the  explosives,  carbon  monoxide,  which  is  not  a  con- 
stituent of  ordinary  air,  was  produced.  This  gas  had  been  found  in  various  proportions 
in  the  fumes  of  all  three  explosives.     It  was  not  strange  that  it  should  be  found 
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after  the  firing  of  ^iiMji.iw.it-i-.  sii laboratory  experiment!  with  gunpowder  had 

already  Bhown  that  carbon  mon  a  product  of  the  explosion  of  gunpowder. 

The  presence  of  carbon  monoxide  had  been  shown  bj  a  which 

a  solution  of  palladium  chloride  pas  used.    The  report,  afteT  giving  the  statemenl 
of  the  aotual  results  of  the  analysis,  contained  a  theoretical  consi  £  the 

results  which  Bhould  be  obtained  by  tiring  roburite,  tonite,  and  gunpowder  in  a 
mine.  The  result  of  firing  an  explosive  in  a  mine  was  to  add  to  th< 
and  solid  products  formed  by  the  explosive.  To  form  Borne  idea  of  the  vitiation 
produced  by  these  different  explosives  the  proportion  oJ  gas  produced  by  7  >•/-.  of 
tonite,  roburite,  and  gunpowder  had  been  calculated.  Nexl  assuming  that  these 
a  were  mixed  with  540  cubic  feet  of  air,  and  the  following  statement 
abstracted  from  the  report  represented  the  results  of  such  calculation 

(Junpowdsr.    Roburite.       Tonite. 

Volume  of  gases  produced  by  the  explosion  of 

7  ounces.,  in  cubic  feet,        ...        1-92        3-02         2-43 

Mixture  produced  with  air  : — 

Nitrogen  

Oxygen  

Carbonic  acid   ... 

Carbon  monoxide        

Sulphuretted  hydrogen         

Hydrochloric  acid       ...         ...         ...         ...  —         0-03 

Be  wished  to  refer  to  another  point.  In  the  report  a  statement  of  the  experimental 
results  was  given  which  was  arrived  at  by  taking  the  results  of  the  analyses  of  the 
samples  of  air  in  the  intake  and  return,  as  well  as  of  those  collected  at  the  place 
immediately  after  the  firing  of  the  shot,  and  making  an  average  of  the  various 
samples  collected.  He  had.  so  far,  dealt  entirely  with  gaseous  products  in  the 
report,  but  it  must  be  remembered  that  the  fumes  from  gunpowder  contained  a 
large  amount  of  solid  matter,about  55  per  cent.,  and  it  was  shown  by  Captain  N 
and  Sir  Frederick  Abel  that  these  were  solids  of  a  very  complex  nature.  It  had 
always  been  considered  that  one  of  the  dangers  of  the  use  of  roburite  was  that  after 
its  explosion  some  particles  of  undecomposed  nitrobenzene  might  be  found  in  the 
air  ;  but  in  these  experiments  no  evidence  of  the  presence  of  nitrobenzene  had  been 
obtained,  save  that  its  characteristic  odour  had  been  observed  on  several  occasions. 

The  President  asked  whether  1  in  10,000  parts  of  carbon  monoxide  could 
be  distinguished  on  paper  saturated  with  palladium  chloride  .' 

Dr.  BEDSON  said  that  paper  saturated  as  he  had  described  could  certainly  be 
used  to  distinguish  small  percentages  of  carbon  monoxide  gas  by  using  considerable 
volumes  of  the  air 

The  President — You  judged  from  the  various  shades  .' 

Dr.  BEDSON — No.  In  actual  practice  the  gas  was  passed  through  a  tube  con- 
taining a  solution  of  palladium  chloride.  By  using  equal  volumes  of  air  the  depth 
of  shade  might  be  used  to  estimate  the  proportion  of  carbon  monoxide. 


Mr.  T.  J.  Murday  described  his  "  Fire- Damp  Detector"  as  follows  : — 
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FIRE-DAMP  DETECTOR. 
By  T.  J.   Murday. 

Fig.  1  (Plate  XLIII.)  shows  the  apparatus  fitted  up  with  battery  and  alarm  bell. 
In  this  case  the  model  instrument  is  worked  by  four  small  dry  cells.  A  push  A 
is  shown  at  the  top  of  the  case,  which  when  depressed  closes  the  electrical  circuit 
through  the  platinum  wires,  etc.  By  means  of  the  thumbscrew  B,  near  the  upper 
part  of  the  case,  the  alarm  pointer  C  can  be  set  to  any  division  on  the  scale,  so 
that  on  the  real  pointer  D  rising  on  the  scale,  and  making  contact  with  this 
adjustable  pointer,  the  bell  E  is  rung.  In  searching  the  galleries  of  a  mine  for  gas 
all  that  need  be  done  is  to  set  the  alarm  pointer  to  1  per  cent,  or  under  before 
commencing  the  search,  and  occasionally  to  press  the  push  (the  push  should  never 
be  kept  down  for  a  longer  period  than  one  second).  So  long  as  no  fire-damp  up 
to  1  per  cent,  (or  wherever  the  pointer  is  set  to)  is  present  in  the  air  the  bell  E 
will  not  be  rune;  but  on  the  percentage  reaching  that  amount  the  bell  will 
immediately  sound  on  the  push  being  pressed. 

Fig.  2  (Plate  XLIII.)  shows  the  mechanical  arrangement.  It  will  perhaps  be  best 
understood  if  it  be  likened  to  a  differential  metallic  thermometer.  It  consists 
essentially  of  a  pair  of  platinum  wires,  A  and  B.  These  wires  are  kept  in  tension  by 
means  of  a  system  of  L-levers  C  C,  and  springs  D  D',  connected  by  the  rack  E.  The 
movements  of  the  rack  are  communicated  to  the  pointer  F,  through  the  pinion  I. 
The  pointer  F  stands  at  zero  so  long  as  the  temperature  of  both  platinum  wires  is 
the  same:  but  on  one  wire  being  more  heated  than  the  other  a  deflection  of  the 
pointer  at  once  takes  place.  One  platinum  wire  A  is  encased  in  an  air-tight 
cylinder  with  a  flexible  diaphragm  G.  at  the  lower  end.  so  that  the  rod-extension  H. 
to  which  this  platinum  wire  is  attached,  may  be  free  to  move  as  the  platinum 
expands  and  contracts.  The  other  platinum  wire  B  is  exposed  to  the  free  air. 
but  at  the  same  time  is  surrounded  by  a  wire  gauze  to  avoid  ignition  of  the  gaseous 
mixture,  which  may  at  times  be  present  in  the  case. 

When  the  push  A  (Fig.  1.  Plate  XLIII.)  is  pressed  a  current  sufficient  to  heat  the 
platinum  wires  to  about  200  degs.  Fahr.  pastes  through  them:  they  both  expand 
equally,  and  no  deflection  of  the  pointer  fakes  place;  but  if  a  small  quantitv  oi 
be  present  around  'the  exposed  platinum  wire  B  combustion  takes  place,  the  wire 
B  heats  perceptibly  more  than  the  other,  and  the  pointer  F  is  deflected  in  proportion 
as  there  is  more  or  less  fire-damp  present  in  the  air  around  the  instrument.  The 
test  is  made  instantly,  very  little  current  is  used,  and  the  attached  bell  arrange- 
ment makes  it  unnecessary  for  the  person  using  the  searcher  to  be  constantly 
inspecting  the  dial. 


On  the  motion  of  the  Chairman  a  vote  of  thanks  was  accorded  to  Mr.  T.  J. 
Murday. 
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NORTH  OF  ENGLAND  INSTITUTE  OF  MINING  AND  MECHANICAL 

ENGINEERS. 


ANNUAL  GENERAL   MEETING, 

HELD   in    Tin:   Wood    MSMOBIAL   HALL,    NEWCASTLE-UPON-TYNE, 

\i  list    1ST,    1891. 


Mb.  William  Cochbakb,  Retibtnq  Pbesident,  in  the  chaik. 


The  Chairman  Baid  bhe  firel  business  was  to  appoint  scrutineers  tor  tin-  examin- 
ation of  the  balloting  papers,  and  Messrs.  J.  W.  Fryar,  H.  Jepson,  C.  J.  Mnrton,  and 

G.    F.    Bell,    who    had    kindly    undertaken    the    duty,    were    unanimously  elected 

scrutineers. 


The  Secretary  read  the  minutes  of  the  last  meeting,  and  reported  the  pro- 
ceedings of  the  Council. 


The  following  gentlemen  were  elected,  having  been  previously  nominated  :— 
Members — 
Mr.  Ernest  F.  Ayton,  Mining  Engineer.  El  Bote  Mining  Negoeiacion,  Zacatecas, 

Republic  of  Mexico. 
Mr.  Charles  Spearman  Carnes.  Colliery  Manager.  Peases'  West  Colliery,  ''rook. 
Mr.  Robert  Middleton,  Hydraulic  Engineer.  Sheep  Scar  Foundry,  Leeds. 
Mr.  John  Palmer  Stukley  Samborne,  Mining  Engineer,  Timsbury  House.  Bath. 
Mr.  Samuel   Hare.    Mining    Engineer.    Brymbo    Collieries.    Wrexham,   North 

Wales 
Mr.  Wm.  Hay,  Jun.,  Manager  of  Mines.  Wood  View  House.  Stanton.  Burton- 

on-Trent. 
Mr.  George  Hurst.  Mining  Engineer.  58,  Eldon  Street.  Newcastle-upon-Tyne. 

Associate  Member — 

Mr.  Edward  Ellison  Bigge.  Secretary,  General   Mining  Association,  Blomfield 
House,  London  Wall,  London,  E.G. 

Students — 
Mr.  David  Douglas,  Mining  Student,  Trimdon  Grange,  R.S.O.,  Co.  Durham. 
Mr.  Nelson  Ashbridge  Simpson,  Student  Mining  Engineer,  North  Navigation 
Collieries,  Maisteg,  Bridgend,  South  Wales. 
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The  following  gentlemen  were  nominated  for  election  : — 
Members — 
Mr.  Arthur  Payne  Gallwey,  Mining  Engineer,  P.O.,  Box  138,  Johannesburg, 

Z.A.R. 
Mr.  Ernest  Seymour  Wood,  Mining  Engineer,  South  Hetton,  Sunderland. 
Mr.  Ernest  Williams.  Civil  and  Mining  Engineer,  Assoc.  Mem.  Inst,  of  C.E., 
Johannesburg,  South  Africa. 
Associate  Members — 
Mr.  Henry  Heath  Cochrane,  Colliery  Owner,  Eshwood  Hall,  Durham. 
Mr.  William  Percy  Cochrane,  Colliery  Owner,  6,  Tankerville  Terrace,  New- 
castle-upon-Tyne. 
Mr.  James  John  Joicey,  Colliery  Owner,  Sunningdale  Park,  Berkshire. 
Mr.  Frederick  Richter,  Merchant,  Osborne  Villas,  Newcastle-upon-Tyne. 

Associate — 
Mr.  George  William  Minto,  Deputy  Overman,  Heworth  Colliery,  Heworth- 
upon-Tyne. 


AWARDS   FOR   PAPERS. 

The  Secretary  read  the  following  list  of  papers  for  which  prizes  had  been  awarded 
to  the  authors : — 


YEAR  1885-1886 


George  J.  Binns    ... 

J.D.Kendall         

J.   M.   Liddell  and   J.  H 

Merivale 
E.  H.  Liveing        


Title  of  Paper, 


Coal  Mining  in  New  Zealand. 

The  Iron  Ores  of  the  English  Secondary  Rocks. 

Transmission  of  Power  by  Steam. 
Transylvanian  Gold  Mining. 


YEAR   1886-1887. 


M.  Walton  Brown 
Edward  Halse 
A.  L.  Steavenson  ... 
Henry  White 


On  a  Form  of  Apparatus  for  the  Rapid  Determination 

of  Specific  Gravities  of  Bodies. 
On  the  Occurrence  of  Manganese  Ore  in  the  Cambrian 

Rocks  of  Merionethshire. 
On   the  System  of   Working  Ironstone  at   Lumpsey 

Mines  by  Hydraulic  Drills. 
Remarks  on  a  Further  Discharge  of  Lightning  at  West 

Thornley  Colliery,  near  Tow  Law,  on  October  21, 1886. 


\-2s 
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STBAB   i-7-i 

Nami 

TlTl.1    •■!     Tmi  i 

John  Allan... 

!  be  Pyrites  I  >epi                         ince  of  Buelva, 

P.  Phillips  Bedson 

A  Contribution  to  oar  Knowledge  of  Coal-Dust. 

Bugh  Bramwell 

bbe  Borizon  of  the  Low  Main  Seam  in  a 

Portion  of  the  Durham  Coal-field. 

M.  Walton  Brown 

A  further  attempt    Eor  the  Correlation  of  the   Coal 

Seams  of  the  '  larboniferOus  Formation  of  the  North 

of  England,  with  some  Notes  upon   the   probable 

duration  of  the  Coal-field. 

A.  s.  Bexachel 

On  an  Improved  Form  of  Seismoscope. 

C.  J.  Murton          

Notes  on  the  Tkiboulli  Coal-field  (Caucasus). 

YEAR  1888-1889. 

W.   Armstrong,  Jan.,  and 

W.  J.  Bird        

The  Economical  Working  of  steam  Boilers  at  Collieries. 

Bennet  H.  Brougfa 

Outbursts  of  Gas  in  Metalliferous  Mines. 

M,  Walton  Brown 

The  Pieler  Spirit  Lamp  as  a  Fire-damp  Indicator. 

Charles  Z.  Bunning 

Coal  Mining  at  Warora,  Central  Provinces.  East  India. 

T.  L.  Elwen          

An  Account  of   Experiments  on  the  Resistance  to  Air 

Currents  in  Mines. 

J.  M.  Liddell         

The  Gold-fields  of  the  Valley  of  De  Kaap,  Transvaal, 

South  Africa. 

T.  0.  Robson         

Notes   on  the   Variations   in   the   Faulting   of    Coal, 

observed  in  the  Action  of  the  same  Series  of  Faults 

in  Three  Seams  at  Redheugh  Colliery. 

YEAR  1889-1890. 

D.  H.  Bayldou       

The  Hauraki  Gold  Mining  District  (Northern  Section) 

Auckland,  New  Zealand. 

T.  E.  Forster  and  H.Ayton 

Improved  Coal  Screening  and  Cleaning. 

S.  Tate        

Winding,  Banking   Out,  and  Screening  Plant  at  East 

Hetton  Colliery. 

YEAR  1890-1891  (Part  of). 

David  Burns 

On  the  Bending  of  Beds  near  Veins. 

E.  Halse     

Some  Banket  Deposits  of  the  Gold  Coast,  West  Africa. 
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The  Annual   Beports  of  the   Council  and   Finance   Committee   were   read   as 
follows : — 

ANNUAL  REPORT  OF  THE  COUNCIL. 

The  following  table  shows  the  membership  during  recent  years: — 


August  1st. 

1888. 

1889. 

1890. 

1891. 

27 

26 

25 

24 

569 

556 

535 

603 

28 

27 

29 

3 

25 

28 

48 

43 

35 

36 

16 

18 

18 

18 

Honorary  Members 
Members   ... 
Associate  Members 
Associates ... 
Students    ... 
Subscribing  Collieries     ... 

Totals 694  687  686  670 

The  maximum  number  of  Members  was  attained  on  August  1st,  1877,  viz: — 23 
Honorary  Members,  792  Members,  142  Students,  and  14  Subscribing  Collieries,  a 
total  of  971  Members. 

The  effects  of  the  Bye-Laws  which  came  in  force  in  1889  are  now  being  experi- 
enced, and  there  is  every  reason  to  hope  that  they  will  ultimately  lead  to  a  steady 
and  continued  increase  in  the  membership.  The  class  of  Associates,  consisting  of 
persons  occupying  subordinate  positions  in  engineering,  has  been  successfully 
initiated,  and  must  eventually  tend  to  the  efficiency  of  the  Institute. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed  the  second 
year  of  its  existence,  during  which  there  have  been  three  general  meetings — 
Nottingham  on  September  24th  and  25th,  1890;  Newcastle-upon-Tyne,  January  21st 
and  22nd,  1891  ;  and  London,  May  28th  and  29th,  1891.  These  meetings  have  been 
attended  by  a  large  number  of  the  members  of  the  four  Federated  Institutes, 
and  there  has  been  a  marked  increase  in  the  number  of  papers  read  at  these 
meetings.  In  addition  to  receiving  the  papers  read  before  this  Institute,  the 
members  now  receive,  without  extra  cost,  the  papers  read  at  the  meetings  of  the 
Federated  Institution  of  Mining  Engineers,  and  of  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers,  the  Midland  Institute  of  Mining,  Civil,  and 
Mechanical  Engineer-,  and  the  South  Staffordshire  and  East  Worcestershire  Insti- 
tute of  Mining  Engineers.  With  continued  attention  of  the  Federated  Institutes, 
the  Federated  Institution  of  Mining  Engineers  ought  eventually  to  include  all  of 
the  institutes  interested  in  mining,  metallurgical,  and  mechanical  engineering. 

The  Committee  on  Mechanical  Ventilators  has  not  completed  its  report  owing  to 
the  mass  of  calculations  required  in  the  reduction  of  the  experiments,  but  there 
is  every  reason  to  hope  that  it  will  be  completed  at  an  early  date. 

The  Committee  on  "Flameless"  Explosives  hopes  to  commence  its  practical 
experiments  shortly.     Messrs.  W.  J.  Bird  and  M.  Walton  Brown  have  ably  trans- 
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lated  the  "Report  oJ  the  Frenoh  Commission  on  the  Use  of  Explosives  io  llii 
for  the  use  and  information  of  the  members  of  the  Committee,  and  H  has  been 
to  the  members  of  the  Inst  it  ate  by  order  of  the  I  'ouncil,  who  an  thai  I  b  - 

volume  Ls  a  trainable  addition  to  the  publications  of  the  Institute.  Mr.  M. 
Walton  Brown  was  present,  on  the  request  of  the  Committee,  a<  some  experiments 
on  explosives  at  Cymmer  Collieries,  and  his  interesting  report  was  communicated 
i>y  the  Committee  ii>  the  members. 

The  ••  Boringsand  Sinkings"  are  now  approaching  completion,  and  a  fifth  volume 
will  be  published  during  the  ensuing  year. 

The  Library  of  the  Institute  continues  to  be  maintained  in  an  efficient  state,  and 
the  members  in  the  vicinity  are  reminded  that  the  books  and  weekly  engineering 
papers  arc  available  daily  from  10  a.m.  to  .">  ]..in..  whilst  those  at  a  distance  may 
avail  themselves  of  the  Library  by  communication  with  the  Librarian. 

Material  changes  have  taken  place  in  the  officers  of  the  Institute  through  the 
death  of  Mr.  F.  Gosman,  on  September  12th,  1890,  after  many  years  of  faithful 
attention  to  the  interests  of  the  Institute  and  through  the  retirement  of  the 
Secretary,  Professor  Lebour,  in  January  last.  The  Council  trust  that  the  appoint* 
incut  of  their  successors  will  tend  to  the  efficient  conduct  of  the  business  of  the 
Institute.  Mr.  M.  Walton  Brown  has  been  appointed  Secretary  and  Mr.  Reginald 
Guthrie,  Treasurer. 

The  Institute  has  again  been  placed  on  the  list  of  corresponding  societies  of  the 
British  Association,  and  the  Council  have  appointed  Professor  J.  H.  Merivale,  M.A., 
to  act  as  their  delegate  at  the  ensuing  meeting  at  Cardiff. 

The  Council  deeply  regret  the  death  during  the  year  of  Mr.  John  Marley,  Past- 
President,  and  of  Mr.  James  Willis.  ELM.  Inspector  of  Mines,  Vice-President — two 
gentlemen  who  have  at  all  times  contributed  every  assistance  to  the  well-being  of 
the  Institute. 

The  papers  contributed  during  the  year  are  as  follow  : — 

"  Experiments  with  Explosives  used  in  Mines."     By  Mr.  M.  Walton  Brown. 

"  On  the  Bending  of  Beds  near  Veins.'*     By  Mr.  David  Burns. 

"Some  Banket  Deposits  of  the  Gold  Coast,  West  Africa."     By  Mr.  Edward 

Halse. 
■•  Experiments  with  Carbonite."     By  Messrs.  M.  Walton  Brown  and  William 

Foggin. 
•'The  Waddle  Patent  (1890)  Fan."     By  Mr.  M.  Walton  Brown. 
••  On  the  Present  Position  of  the  Question  of  Transmission  of  Power."     By  Mr. 

A.  L.  Steavenson. 
•'  On  the  Pumping  Arrangements  at  Eltringham  Colliery."     By  Mr.  J.  Kenneth 

Guthrie. 
"  On  a  Duplex  Arrangement  of  Centrifugal  Ventilating  Machines."    By  Mr.  W. 

Cochrane. 
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In  concluding  their  fortieth  annual  report,  while  the  Council  congratulate  the 
members  upon  the  present  position  of  the  Institute,  they  ask  them  to  bring  its 
claims  and  advantages  before  others. 


FINANCE    REPORT. 

The  income  for  the  year  1890-1  amounted  to  £1,790  9s.  Od.;  deducting  from  tin 
a  sum  of  £200  received  from  the  Coal  Owners'  Associations  towards  the  costs  to  be 
incurred  by  the  Explosives  Committee,  shows  the  ordinary  income  to  be  £1,590  9s.  0d., 
an  increase  of  £80  14s.  lOd.  over  the  preceding  year. 

The  total  receipts  for  subscriptions  and  arrears  amounted  to  £1,302  14s.  0d.,  an 
increase  of  £93  8s.  4d.  The  amount  of  subscriptions  in  arrear  bevond  one  year  now 
amount  to  £141  15s.  Od.  The  sum  of  £180  12s.  Od.  has  been  strack  off  during  the 
year  as  irrecoverable. 

The  total  expenditure  during  the  year  has  amounted  to  £2  'Idv  8s.  3d.,  which  is 
considerably  in  excess  of  that  of  the  previous  year,  but  chmne  tnis  year,  two  years' 
payments  to  the  Federated  Institution  have  been  made. 
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The  Chairman,  in  moving  the  adoption  of  the  Annual  Report  of  the  Council  and 
of  the  Finance  Committee,  commented  upon  the  financial  results  of  the  year,  and  said 
that  those  who  could  inculcate  the  idea  of  prompt  payment  of  subscriptions  among 
the  members  and  who  would  adopt  the  same  themselves  would  relieve  the  Institute 
of  a  great  deal  of  trouble  in  the  secretarial  department  and  keep  them,  as  they 
ought  to  be,  well  up  in  funds.  The  Council  hoped  that  another  year  would  find 
them  in  a  much  better  financial  condition,  but  this,  however,  would  depend 
on  the  number  of  members  being  maintained.  No  doubt,  as  the  report  said,  in 
referring  to  the  971  members  in  1877,  there  were  causes  to  account  for  the  loss  of 
members  since  then  ;  one  reason  was  the  great  competition  in  regard  to  the 
mechanical  engineering  element  by  kindred  institutions.  The  establishment 
of  the  North-East  Coast  Institution  of  Engineers  and  Shipbuilders  had  taken 
a  large  number  of  those  members  who  were  purely  mechanical  engineers 
and  not  interested  in  mining  subjects.  But  it  must  be  remembered  that, 
being  the  parent  Institute  of  the  Federated  Institution  which  they  had  joined, 
ami  which  gave  them  the  advantage  of  having  the  papers  of  all  the  other 
districts  embodied  in  the  Transactions  (so  that  they  were  not  dependent  on  them- 
selves altogether  for  papers  on  mining  matters),  it  must  not  be  otherwise  written 
of  them  than  that  they  felt  the  greatest  responsibility' on  themselves  to  keep  the 
foremost  in  all  they  did  and  the  papers  they  read,  so  as  not  to  lose  that  pre- 
eminence which,  he  maintained,  they  had  held  to  the  present  time,  and  which,  in 
becoming  amalgamated  with  the  Federated  Institution,  it  behoved  them  to  strain 
every  nerve  to  maintain.  He  thought  there  was  only  one  other  matter  on  which 
he  might  say  a  word  or  two,  and  that  was  as  to  the  desirability  of  better  attendances 
at  the  general  meetings.  There  was  an  enormous  amount  of  good  work  done  by 
committees — silent  work,  the  results  of  which  they  could  only  see  when  it  was 
printed  in  the  Transactions ;  work  done  in  committees  was  no  doubt  better  than 
that  done  in  ordinary  meetings  in  delivering  one's  self  of  set  speeches,  but  from  the 
earnestness  with  which  matters  were  discussed  and  the  benefit  that  was  got  from 
knocking  their  opinions  against  each  other,  in  public  meetings  they  should  feel  that 
the  attendances  were  not  as  satisfactory  as  they  should  be,  and  it  behoved  the  Council 
to  enquire  whether  the  menu  was  good  enough.  He  had  known  the  history  of  this 
Institute  for  thirty-four  years  and  certainly  the  attendances  formerly  were  very  much 
larger  than  now.  He  hoped  that  in  the  reign  of  his  successor  they  would  inaugurate 
something  by  which  to  secure  larger  attendances  and  that  valuable  discussions 
would  arise  on  the  papers  read.  He  then  moved  the  adoption  of  the  reports  of  the 
Council  and  of  the  Finance  Committee. 

Mr.  J.  B.  Simpson  seconded  the  adoption  of  the  reports,  which  was  put  to  the 
meeting  and  carried  unanimously. 
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RBPRBSBNTATIVBS  ON  THE  COUNCIL  OF  THE    FEDERATED 

INSTITI'TION   OF  MINING    ENGINEERS. 

The  secretary  reported  that  fchia  Institute  was  entitled  to  seventeen  re] 
tatives on  the  Council  of  the  Federated  Institution,  the  Chesterfield  Institution  to 
Beven,  the  Midland  to  five,  and  the  South  Staffordshire  to  three.  The  Council  rccom- 
mended  the  re-election  of  the  representative  appointed  lasl  year,  together  with 
Messrs.  E.  Lawrence  and  Professor  J.  II.  Merivale,  instead  of  Messrs.  John  Marley 
and  Jas.  Willis,  who  had  died  during  the  year,  and  of  himself,  who  would  attend  ae 
their  Secretary. 

Mr.  Stratton  remarked  that  three  names  were  withdrawn  from  the  list  and 
only  two  substituted. 

The  Secretary  explained  that,  by  the  alteration  of  the  rules  of  the  Federated 
Institution,  they  were  now  only  entitled  to  seventeen  elected  representatives  on  the 
Council,  instead  of  the  thirteen  elected  and  four  co-optatcd  members  of  Council 
under  the  old  rules. 

The  Chairman — Then,  there  are  two  vacancies  to-day,  and  the  Council  recom- 
mend the  re-election  of  the  old  representatives,  together  with  Mr.  Lawrence  and 
Professor  Me  ri  vale. 

This  resolution  was  put  to  the  meeting  and  unanimously  agreed  to. 

The  representatives  of  the  Institute  for  the  ensuing  year  are  as  follows  : — 

W.  Armstrong,  Esq.  Thos.  Douglas,  Esq. 

W.  Armstrong,  Jun..  Esq.  G.  B.  Forster,  Esq. 

Sir  Lowthian  Bell.  G.  C.  Greenwell,  Esq. 

Thos.  J.  Bewick,  Esq.  Henry  Lawrence,  Esq. 

Robt.  F.  Boyd,  Esq.  Geo.  May,  Esq. 

M.  Walton  Brown,  Esq.  Prof.  Merivale. 

Wm.  Cochrane,  Esq.  J.  D.  Simpson,  Esq. 

Jno.  Daglish,  Esq.  A.  L.  Steavenson,  Esq. 

David  Dale,  Esq.  Lindsay  Wood,  Esq. 


Mr.  COCHRANE  read  the  following  paper,  ••  On  a  Duplex  Arrangement  of  Centri- 
fugal Ventilating  Machines": — 
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ON   A   DUPLEX  ARRANGEMENT  OF  CENTRIFUGAL  VENTILATING 

MACHINES. 

By  W.  Cocheane. 

In  the  course  of  an  investigation  with  the  late  Mr.  J.  J.  Atkinson.  H.M. 
Inspector  of  Mines,  in  1868,  into  the  working  of  two  Guibal  ventilators  at  the 
Duffryn  Collieries  in  South  Wales,  some  interesting  results  were  obtained,  and  a 
novelty  was  established  in  the  application  of  two  centrifugal  machines,  which  it 
seems  to  the  writer  may  be  worthy  of  imitation  under  special  circumstances.  The 
ventilators,  30  feet  diameter,  were  erected  side  by  side,  the  two  engines,  24  inches 
diameter  and  21  inches  stroke,  being  placed  in  a  house  between  the  ventilators, 
and  a  separate  drift,  but  of  different  sectional  area,  from  the  upcast  shaft  was 
carried  to  each  of  the  inlets. 


The  ventilation  of  the  colliery 
was  represented  by  about  80,000 
cubic  feet  of  air  per  minute,  with 
a  water-gauge  of  about  T60 
inches  at  the  surface,  and  each 
ventilator  was  capable  of  produc- 
ing this  at  a  speed  of  about  58 
revolutions  per  minute. 

If  the  ventilators  were  run 
together  at  this  same  speed  there 
was  no  important  variation  in 
volume,  but  a  slight  alteration  in 
water-gauge,  which  was  attri- 
buted to  the  different  conditions 
of  the  two  drifts  from  the  upcast 
shaft. 

The  water-gauge,  as  is  well  known,  is  dependent  on  the  velocity  of  the  periphery 
of  a  centrifugal  action  ventilator  ;  the  only  benefit  from  running  two  together  as 
compared  with  one  would  arise  from  the  lessened  resistances  encountered  by  the 
air  in  its  passage  through  two  surface-drifts  and  two  ventilators  at  lower  speeds 
than  that  with  which  the  whole  quantity  would  pass  through  a  single  drift  and  a 
single  ventilator  (it  would  be  a  very  small  amount),  provided  the  one  drift  was  of 
proper  sectional  area  and  the  blades  of  sufficient  breadth,  with  the  outlet  shutter 
properly  adjusted— this  small  benefit  would  be  discounted  by  the  extra  friction 
due  to  two  engines  and  ventilators  instead  of  one. 
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It  was  no1  considered  safe  to  put  the  ventilators  ap  to  any  I  eed  for 

permanent  work  in  order  to  obtain  the  increased  ventilation  which  lired. 

The  suggestion  of  the  late  Mr.  J.J.  Atkinson  was  to  arrange  the  ventilators  to  work 
in  duplex  or  tandem  Conn,  bo  thai  baring  expended   the  work  of  one,  equal  to 
circulating  80,000  cubie  feel   under  1-60  inches,  the  other  should  take  up 
volume  of  air  at  its  decreased  tension  and  impart  t<>  it  a  second  equal  work. 

By  this  arrangement  i1  would  be  possible  t"  apply  double  the  power  through 
the  two  engines,  ami  as  the  quantities  of  air  are  proportional  to  the  cube  roots  of 
the    powers   circulating   them    in    the   same    mine   this    was    estimated    to   afford 

3/n 

/f  a   L '26,  or  26  per  cent,  more  air  at  the  same  Bpeed  of  the  ventilators.     The 

1 26' 

water-gauge  at  the  surface  for  this  increased  volume  would  be     ~       =  1:6676,  or 

5S-76  per  cent,  higher  than  that  existing,  involving  the  increased  speed  of  a  Bingle 
ventilator  by  2f>  per  cent.,  if  that  had  been  deemed  the  proper  course;  but  the 
liability  to  heating  and  breakage,  arising  from  high  speeds  of  ventilators  of  large 
diameters  where  continuous  working  is  a  necessity,  precluded  such  a  recommenda- 
tion ;  otherwise  the  increased  speed,  and  the  resulting  higher  water-gauge  and 
volume  of  air,  would  have  been  obtainable  by  the  single  ventilator  or  the  two 
working  together  side  by  side  by  the  expenditure  of  about  the  same  increased 
steam  power,  either  in  one  cylinder  or  divided  between  the  two. 

The  whole  of  the  air  from  the  upcast  shaft  was  carried  along  one  drift  only  to 
one  of  the  ventilators,  and  at  the  foot  of  the  chimney  of  this  ventilator  a  drift 
was  formed  to  connect  with  the  inlet  of  the  second  ventilator,  the  air  thus  passing 
through  the  second  ventilator  and  up  its  chimney  into  the  open  atmosphere.  Suit- 
able air-tight  doors  in  the  two  drifts  from  the  upcast,  and  at  the  foot  of  the  chimney 
of  t'.ie  first  ventilator  were  arranged  so  as  to  afford  full  opportunity  of  experiment. 

Preliminary  tests  had  been  made  with  small  cupola  fans  before  proceeding  to 
the  important  expenditure  required  in  the  above  arrangement.  They  indicated 
that  the  estimated  result  would,  agree  with  the  theoretical  considerations  due  to 
the  additional  imparting  of  power  by  each  additional  fan,  not  only  in  exhausting 
from  a  mine,  but  also  in  producing  accumulated  pressure  as  a  forcing  fan. 

The  immediate  ventilation  required  involved  a  considerably  higher  water-gauge 
— nearly  double — and  therefore,  a  corresponding  increase  in  the  effective  pressure 
of  steam  in  the  engine  cylinders  was  necessary.     The  air  to  be  put  in  circulation 

would  thus  be     — =-  =  1-4142,   or    41*42    per   cent,   increase.     Allowing    for  the 

greater  resistances  due  to  the  air  passing  through  two  ventilators  instead  of  one,  it 
was  estimated  that  one-third  larger  volume  of  air  would  be  obtained  in  practice  at 
the  same  speed  of  each  ventilator  by  this  duplex  arrangement. 

To  have  arrived  at  a  similar  result  with  one  ventilator,  would  have  required  a 
spec i  of  4P42  per  cent,  higher  than  that  at  which  it  was  running. 
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The  works  to  carry  out  the  suggestion  having  been  executed,  the  following 
experiments  were  made  to  test  the  results. 

1st.  The  two  ventilators,  exhausting  on  the   duplex   or  tandem   system,  each 
making  60  revolutions  per  minute,  yielded  108,479  cubic  feet  of  air  under 
a  water-gauge  at  the  inlet  of  the  ventilator  nearest  to  the  upcast  of  2-80 
inches,  and  near  the  inlet  of  the  leading  ventilator  of  1-10  inches. 
2nd.  The  nearest  ventilator  to  upcast,  blowing  through  the  leading  ventilator 
(stationary),  gave  79,21  S  cubic  feet  with  a  water-gauge  at  its  inlet  of 
1-10  inches,  and  near  the  inlet  of  the  leading  ventilator  of  "80  inches. 
3rd.  The  leading  ventilator,  drawing  through  the  nearest  to  upcast  (stationary), 
gave  81,405  cubic  feet  with  a  water-gauge  of  T40  inches  at  the  inlet  of  the 
latter,  and  of  1"75  inches  near  the  inlet  of  the  former. 
4tb.  The  ventilator  nearest  to  upcast,  working  with  separate  drift  from  upcast 
and  its  own  chimney,  gave  88,798  cubic  feet  with  a  water-gauge  at  its 
inlet  of  1*80  inches. 
5th.  The  front  or  leading  ventilator,  with  separate  drift  from  upcast  and  its  own 
chimney,  gave  77,133  cubic  feet  with  a  water-gauge  near  its  inlet  of  2-10 
inches. 
6th.  The  two  ventilators  working  simultaneously,  having  their  inlets  connected 
with   the  double  drift  from  upcast,  and  each  discharging  by  its  own 
chimney,  gave  90,310  cubic  feet  with  a  water-gauge  of  2-10  inches  at  the 
inlet  of  the  ventilator  nearest  to  the  upcast  and  of  2T5  inches  near  the 
leading  ventilator. 
There  are  some  anomalous  figures,  when  closely  compared,  attributable  to  the 
sliding  shutters  of  the  evasee  chimney  not  being  adjustable,  to  the  difficulties  of 
taking  several  anemometer  observations  by  different  observers  underground,  and 
also  to   the  varying  sectional  areas  and  directions  of  the  drifts  connecting  tbe 
ventilators  with  the  upcast  shaft,  and  with  each  other,  but  taking  the  first  three 
experiments,  it  will  be  seen  that  the  average  of  80,312  cubic  feet  circulated   by  a 
single  ventilator   was   increased   to    108,479    by  the  duplex — about  35   per  cent, 
increase. 

The  indicated  hoise-power  of  the  engines  was  17965  in  the  duplex,  and  70"20 
average  for  each,  of  the  ventilators  working  alone,  showing  very  nearly  the 
theoretical  proportion  of  the  cubes  of  the  volumes  of  air. 

Comparing  Xos.  4,  5,  and  6  experiments,  it  is  also  seen  that  the  single  ventilator 
nearest  to  upcast  alone,  at  60  revolutions,  gives  nearly  the  same  ventilation  as  the 
two  working  simultaneously  ;  the  leading  ventilator  at  the  same  speed  of  60 
revolutions,  probably  owing  to  the  increased  frictional  resistances,  being  inferior  to 
the  other.  Had  the  drifts  from  the  upcast  been  precisely  similarly  arranged  in 
reference  to  each  of  the  similar  ventilators  the  volume  of  air  would  have  divided 
itself  equally  between  the  two  machines  working  simultaneously,  and  the  horse- 
power developed  by  each  engine  would  be  theoretically  one-half  of  that  which 
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would  be  developed   by  one  engine   in  the  case  of  a  single   fan  producin/  at    the 
same  speed  a  similar  ventilation. 

It  appears  to  the  writer  a  desirable  arrangement  in  providing  duplicate 
ventilators  for  a  mine  to  erecl  them  in  such  a  manner  with  suitable  connecting 
drifts  -ii  as  t.i  he  able  to  use  them  either  singly  or  as  described  in  duplex  or  tai 
fashion.  In  case  of  a  breakdown,  one  is  available  for  about  80  per  cent,  of  the 
total  quantity  of  air  obtainable  by  the  two  ventilators,  and  would  probably  prevent 
the  Btoppage  of  tin'  mine,  while  the  capability  of  the  two  to  give  the  larger 
rine  of  ventilation  without  increasing  the  speed  is  of  primary  importance. 

The  subject  is  one  well   worthy  of  further  investigation,  and   the  writer  hopes 
that  having  called  attention  to  it  some  members  may  take  it  up. 


The  Chaikman  said  he  was  sure  the  meeting  would  lie  glad  to  hear  the  observa- 
tions of  members  on  the  subject.  He  had  heard  that  the  principle  had  been  applied 
in  a  fan  used  for  forcing  purposes. 

Professor  MeBIVALB  -aid  there  was  one  point  that  occurred  to  him  ill  connexion 
with  Mr.  Cochrane's  paper,  and  that  was  as  to  connecting  the  first  fan  atthe  bottom 
of  the  evasee  chimney.  Be  thought  the  general  custom  was  to  make  it  at  the  top;  but 
he  did  not  think  it  made  much  difference;  if  at  the  top,  better  results  were  obtained 
from  the  first  fan,  and  if  at  the  bottom,  better  results  were  obtained  from  the 
second.  He  also  wondered  what  the  result  would  be  if  the  fans  were  run  both  duplex 
and  tandem  by  removing  the  division.  He  would  like  to  ask  Mr.  Cochrane  if  he 
could  put  him  in  the  way  of  obtaining  any  results  of  experiments,  or  any  forruuhe, 
by  means  of  which  to  calculate  the  orifice  of  passage  for  various  fans.'  It  was  an 
important  point  to  be  taken  into  account  in  designing  a  fan.  He  concluded  that  one 
would  not  be  inclined  to  ventilate  a  pit  by  means  of  two  fans  arranged  tandem  if 
starting  with  a  new  plant.  It  would  be  better  to  put  up  a  fan  sufficiently  large  in 
the  first  instance.  Of  course,  if  additional  ventilation  was  required  ten  or  twenty 
years  after  a  fan  had  been  erected,  it  would  be  a  good  plan,  but  he  took  it  that  the 
experiments  were  the  result  of  an  idea  of  twenty-five  years  ago,  when  it  was  not 
generally  known  that  to  get  the  best  effect  from  two  fans  they  must  be  placed 
tandem. 

Mr.  T.  II.  M.  Stratton  said  that,  according  to  the  experiments,  the  fan  nearest 
the  upcast,  and  running  at  sixty  revolutions,  gave  a  water-gauge  of  1*80  inches,  and 
the  leading  fan  2T0  inches;  but  one  had  been  taught  to  believe  that  a  Guibal  fan 
running  at  the  same  speed  would  always  produce  the  same  water-gauge,  whatever 
the  quanity  of  air.     Had  the  fans  separate  orifices? 

The  Chairman  said  this  was  one  of  the  anomalous  points  mentioned  in  the 
paper,  and  it  was  due  to  the  fact  that  the  shutters  were  not  adjustable.  They  had 
(o  take  the  fans  as  they  found  them — by  a  proper  adjustment  of  the  shutters  they 
could  vary  the  water-gauge. 
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Mr.  Stratton  said  his  point  wa?  that  the  efficiency  of  the  fan  was  not  at  all 
dependent  on  the  water-gauge.  If  a  Guibal  fan  were  revolved  with  its  orifice 
directly  communicating  with  the  open  air.  would  it  not  produce  a  water-gauge 
proportional  to  its  peripheral  velocity?  Apart  from  its  ability  as  a  propeller  of 
air  would  it  not  give  a  certain  depression .' 

The  CHAIRMAN  said  bhe  question  as  to  water-gauge  and  equivalent  orifice  was 
one  which  had  never  been  properly  appreciated.  There  had  only  been  fact,  and  not 
theory,  as  regards  the  Guibal.  Guibal's  formula  was  not  Y2  ■+■  2g,  but  very  different 
from  it.  It  was  a  complicated  formula,  the  area  of  the  chimney  and  the  size  of 
the  inlet  entering  into  it.  Eeplying  to  Prof.  Merivale,  he  did  not  know  of  any 
formula  of  the  kind  referred  to.  M.  Guibal  had  investigated  the  subject,  but  he 
did  not  know  whether  his  researches  would  be  published.  They  had  not  tried 
the  combined  experiments  suggested  by  Prof.  Merivale.  It  might  be  noticed  that 
they  recorded  a  ventilation  at  1*10  inches,  which  must  absolutely  require  1*80 
inches.  So  that  they  were  very  anomalous.  The  Professor  had  also  asked  why 
they  made  the  connexion  a-  they  had  done  instead  of  bringing  the  spiral  inlet  to  the 
other  side.  To  do  this  would  have  involved  a  very  expensive  structure,  and  although 
better  results  might  have  been  obtained,  the  expense  and  difficulty  prevented  it. 

Professor  Merivale — Then,  you  did  practically  do  it  in  the  ordinary  way  with 
the  evasee  chimney  ! 

The  Chairman — Ye> ;  we  continued  the  evasee  chimney  up  to  the  inlet.  Upon 
the  other  question,  that  it  would  be  preferable  to  put  a  sufficiently  large  ventilator 
in  the  first  instance,  they  never  knew  what  might  ultimately  be  the  requirements 
of  the  colliery,  and  in  putting  in  a  sufficiently  large  ventilator  they  provided  no 
duplicate.  As  mentioned  in  the  paper,  he  thought  it  desirable  to  put  in  duplicate 
fans. 

Mi.  Wallau  said  there  were  a  great  many  arrangements  possible  with  two 
fans,  and  it  was  a  question  as  to  which  arrangement  recommended  itself  most  under 
certain  circumstances.  There  were  cases  where  two  small  fans  upon  one  axle  would 
give  better  results  and  be  more  economical  to  begin  with  than  one  large  fan.  The 
cases  he  meant  were  those  where  the  water-gauge  required  could  be  readily  obtained 
by  a  smaller  fan,  and  two  fans  having  each  an  inlet  and  being  connected  with  the 
mine,  of  sufficiently  large  area,  by  running  at  a  high  speed  would  give  the  proper 
water-gauge,  and  the  two  small  inlets  would  do  as  much  work  as  the  larger  one. 
The  smaller  fans  would  be  the  more  economical  arrangement,  for  in  arranging  the 
ventilation  in  that  way  it  was  possible  to  have  a  much  more  simple  drift  than  with 
the  ordinary  fan.  For,  if  they  put  the  fans  on  one  axle,  they  could  have  bearings 
clear  from  the  drift,  and  therefore  free  from  the  soot  and  dirt  naturally  present 
in  a  mine.  This  was  a  matter  that  had  been  considered  of  so  much  importance  that 
Messrs.  Black,  Hawthorn  &  Co.  had  taken  provisional  protection  for  a  certain 
arrangement  of  two  fans.  They  were  now  making  a  model  to  thoroughly  test  it. 
and  perhaps  before  long  it  would  be  brought  under  the  notice  of  the  Institute. 
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The  ( 'ii a i U.Man — To  get  the  same  six  from  the  mine,   notwithstanding 
Bmaller  Cans  have  to  run  ai  the  phery  an  the  larger  on 

Mr.  Wallau— That  is  BO. 

Mr.  Thos.  Bbll  Baid  before  passing  to  the  aexl  paper  h<-  iriabed  to  pro 
>f  thanks  to  the  Presidenl  for  the  very  ai>l<-  paper  lie  had  hud  before  them.     In 
doing  tin's  he  would  suggest  that  the  disco  Ijonrned  until  the  paper  was  in 

the  hands  of  the  members. 

The  vote  of  thanks  was  unanimously  adopted. 


DISCUSSION  ON  Mb.  M.WALTON  BROWN'S  PAPBB  ON  "  EXPERIMENTS 
WITH  EXPLOSIVES  USED  IN"  MINK-.-  AND  ON  MB8SB8.  M.  WALTON 
BROWN  AND  W.  FOGGIN'S  PAPEB  ON  "EXPERIMENTS  WITH 
CARBONITE." 

Mr.  M.  Walton  Brown  said  it  appeared  from  the  Report  of  the  French  Com- 
mission that  an  explosive  whose  detonation  was  due  to  an  explosive  wave  may  be 
harmless  in  the  presence  of  fire-damp,  if  its  temperature  of  detonation  be  below  the 
temperature  of  the  ignition  of  fire-damp.  The  normal  temperature  of  ignition  of 
fire-damp  is  about  1,200  digs.  Fahx.,  but  it  was  necessary  that  the  effect  of  such  a 
temperature  should  be  prolonged  for  some  time  in  order  that  the  mixture  might 
be  ignited.  The  experiments  of  the  French  Commission  showed  that  the  retarda- 
tion of  ignition  characteristic  of  fire-damp  mixtures,  the  almost  instantaneous 
mixture  of  the  gases  resulting  from  the  explosive  with  the  surrounding  air,  and 
the  quick  cooling  consequent  thereon,  combine  to  make  explosives  whose  tempera- 
ture of  detonation  is  less  than  4,000  degs.  Fahr.  incapable  of  igniting  exp; 
fire-damp  mixtures  under  normal  conditions  of  use;  that  is  to  say,  in  holes  pro- 
perly stemmed.  The  requirement  was  therefore,  although  not  entirely  sufficient, 
the  discovery  of  an  explosive  whose  temperature  of  detonation  was  less  than  4,000 
degs.  Fahr.  It  naturally  followed  that  the  degree  of  safety  became  greater  as 
the  temperature  of  detonation  fell  below  this  value,  and  it  might  be  assumed  that 
the  decree  of  safety  was  sufficient  when  the  temperature  of  detonation  of  the 
explosive  varied  from  2,700  to  3,000  degs.  Fahr.  In  the  present  stage  of  know- 
ledge, which  was  specially  derived  from  the  conclusions  of  the  French  Commission, 
it  appeared  that  dual  mixtures  were  the  most  suitable.  One  of  the  substances  was 
intended  to  diminish  the  temperature  of  detonation,  and  as  regards  the  useful 
effect  it  was  essential  that  this  substance  should  be  itself  an  explosive.  Up  to  the 
present  time  the  most  suitable  substance  for  this  purpose  was  nitrate  of  ammonia, 
whose  temperature  of  detonation  was  about  1,850  degs.  Fahr.  All  high  explosives, 
such  as  dynamite,  gun-cotton,  etc.,  possessed  a  very  high  temperature  of  detonation. 
This  temperature  was  largely  reduced  by  the  mixture  therewith  of  nitrate  of  am- 
monia, or  other  similar  substances  having  a  lower  temperature  of  detonation,  and 
the  mixture  formed  a  dual  explosive  which  had  an  intermediate  temperature.     In 
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the  use  of  an  explosive  the  guarantees  of  safety  diminished  as  the  stemming 
diminished  in  length,  or  became  otherwise  imperfect.  Without  stemming,  or 
when  the  explosive  was  detonated  unconfined.  the  conditions  of  safety  could  not  be 
formulated  with  exactness  ;  in  fact,  one  cartridge  might  be  fired  without  ignition 
and  another  with  ignition,  haphazard,  so  to  speak.  The  following  table  sum- 
marized the  results  of  a  series  of  experiments  made  at  North  Biddick  Colliery,  and 
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I  Denotes  ignition  of  gaseous  mixture,  and  N  non-ignition  of  gaseous  mixture, 
showed  the  effects  produced  by  variations  in  the  length  of  stemming.  i'our  ounces 
of  explosive  were  used  in  each  experiment,  and  were  fired  into  a  mixture  of  3  parts 
of  coal-gas  and  22  parts  of  atmospheric  air,  laden  with  coal-dust.  No  doubt  a  theo- 
retical explosive  should  consist  of  one  substance  only,  whose  detonation  should 
develop  a  sufficiently  low  temperature  and  only  give  (incombustible  products.  It 
was  somewhat  unfortunate  that  nitrate  of  ammonia,  the  only  substance  which  was 
particularly  valuable  for  use  in  dual  mixtures,  did  not  perfectly  realize  these 
conditions,  and  its  facility  of  detonation  was  also  somewhat  unfortunate.  In  the 
formation  of  a  dual  explosive  there  was  a  certainty  that  the  mixture,  however  care- 
fully made,  was  never  absolutely  intimate.  Consequently,  if  one  of  the  mixed  sub- 
stances was  combustible,  or  when  detonated  alone  was  susceptible  of  developing  a 
temperature  higher  than  4,000  degs.  Fahr.,  or  if  on  detonation  it  yielded  combustible 
gases,  there  was  always  a  chance  that  a  particle  of  that  substance  might  exist  on  the 
surface  of  the  cartridge,  and  might  at  the  time  of  detonation  ignite  the  surrounding 
explosive  mixture.  The  irregularities  in  the  ignition  of  unconfined  explosives  was 
due  probably  to  this  cause.  These  accidental  ignitions  naturally  increased  in 
proportion  as  the  substance  which  might  cause  them  was  used  in  high  proportions 
to  form  the  dual  mixture,  as  ihe  mixture  wa.~  less  intimate  and  as  the  weight  of  the 
explosive  increased.  Practically,  therefore,  the  essential  for  a  safe  explosive  was  the 
application  of  machinery,  so  as  to  ensure  the  utmost  perfection  in  its  mixture  and 
to  diminish  to  the  lowest  possible  point,  without  reducing  the  aptitude  of  detona- 

t  Used  without  the  protection  of  the  Trench  flame-extinguishing  compound. 

U 
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i  ion  and  power  of  ii xplosion,  the  proportion  of  the  substance  capable  of  igniting 

the  gases,  A  farther  point  in  the  use  of  explosives  appeared  to  be  the  fad  that  the 
~ : i r< •  i  \-  Hi'  their  ignition  in  an  explosive  atmosphere  depended  upon  the  almost  Instant- 
aneons  mixture  of  the  gases  of  the  detonation  with  a  sufficient  ralume  of  surrounding 
air.  It  was  highly  probable  that  it  might  be  dangerous  to  fire  a  shot  in  a  too  limited 
space  and  with  a  weight  of  explosive  too  great  for  the  relume  of  tin-  surrounding 
aii-,  as  compared  with  tin-  volume  of  the  gases  produced  by  tin-  detonation.  Con- 
tinuing, he  said  that,  in  the  experiments  at  Owmaman  ami  also  at  Washington 
Station,  the  volume  of  tin-  tube  in  which  the  experiments  were  made  as  compared 
with  the  quantity  of  material  used  was  about  two  to  one.  Possibly  the  certainty 
with  which  tin-  ignition  took  place  in  each  set  of  experiment-  was 'due  to  this. 

Since  the  issue  of  the  report  of  the  French  Commission  on  Explosives  the 
French  Government  had  enacted  that  makers  of  explosives  should  mark  upon  the 
cartridges  intended  for  sale  the  composition  of  their  products  in  such  a  way  as 
to  allow  of  their  temperature  of  detonation  being  calculated;  and  the  government 
had  given  to  the  colliery  owners  the  means  of  compelling  the  manufacturers 
to  deliver  to  them  (under  penalty)  only  such  materials  as  afforded  the  greatest 
guarantees  of  safety  when  ased.  The  French  Government  had  also  felt  it  necessary 
to  pass  from  the  period  of  recommendation  to  that  of  enactment,  and  had  now 
ordered  the  use  of  the  new  explosives,  not  only  in  fiery  mines,  but  also  in  dusty 
mines,  whose  dusts  were  inflammable.  For  this  purpose  the  Inspectors  of  Mines 
had  forwarded  to  the  government  lists  of  fiery  mines  and  dusty  mines,  whose 
<  1  ust >  were  inflammable,  ami  hail  formally  notified  the  owners  of  the  class  into 
which  their  mine  hail  been  distributed.  Time  would  be  allowed  to  colliery  owners 
for  choice  of  explosives  suitable  under  the  new  law;  but  at  all  times  they  would 
lie  allowed  to  have,  at  their  own  risk,  every  latitude  in  the  choice  of  explosives. 
the  duty  of  the  government  being  fulfilled  when  they  had  indicated,  with  all 
desirable  precision,  the  technical  conditions  which  the  explosives  must  satisfy. 
The  explosives  recommended  by  the  French  Government  were  as  follows: — 1. 
.Mixtures  of  dynamite,  No.  1  (7.')  per  cent,  of  nit  ro-glycerine  and  25  per  cent,  of 
silica)  and  nitrate  of  ammonia,  in  which  the  proportion  of  dynamite  did  not 
exceed  40  per  cent,  for  stone-work,  and  20  per  cent,  for  coal-getting.  2.  Mixture.- 
of  blasting-gelatine  ('J  1*7  per  cent,  of  nit  ro-glycerine  and  8'3  per  cent,  of  nono- 
nitric  cotton)  and  nitrate  of  ammonia,  in  which  the  proportion  of  blasting-gelatine 
did  not  exceed  30  per  cent,  for  stone-work,  and  12  per  cent,  for  coal-getting. 
.">.  Mixtures  of  octonitric  cotton  with  nitrate  of  ammonia,  in  which  the  percentage 
of  gun-cotton  did  not  exceed  20  per  cent,  for  stone-work,  and  9  5  per  cent,  for 
coal-getting.  4.  Mixtures  of  dinitro- benzol  and  nitrate  of  ammonia,  in  which  the 
proportion  of  dinitro-benzol  did  not  exceed  10  per  cent,  for  stone-work.  The 
mixtures  of  octonitric  cotton  with  nitrate  of  ammonia  were  manufactured  by  the 
State  at  the  National  Powder  Mills,  whilst  the  other  mixtures  were  obtained 
from   private  manufacturers.      The  decree   applicable   to  fiery   mines   and   dusty 
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mines,  whose  dusts  were  inflammable,  enacted  that :  1.  The  use  of  blasting-powder 
was  forbidden  ;  2.  The  worker  was  forbidden  to  use  in  the  workings  any  explo-ivc< 
other  than  detonating  explosives  complying  with  the  following  conditions  : — (a) 
The  products  of  their  detonation  should  not  contain  any  combustible  matter,  as 
hydrogen,  carbon  monoxide,  solid  carbon  :  (i)  Their  temperature  of  detonation 
should  not  exceed  3.452  degs.  Fahr.  for  explosives  used  in  stone-work,  nor  2.700  dees. 
Fahr.  for  those  employed  in  coal-getting:  3.  All  explosives  must  be  enclosed  in 
cartridges,  upon  which  should  be  shown  the  nature  and  proportions  of  the  substances 
of  which  they  were  composed,  so  as  to  allow  the  temperature  of  detonation  to  be 
known,  in  accordance  with  the  note  attached  to  the  decree  ;  4.  The  Inspectors  of 
Mine-  should  constantly  assure  themselves  that  the  preceding  conditions  were  com- 
plied with,  by  taking  from  the  cartridges  in  use  one  or  more  samples  for  analvsis  • 
5.  The  stemming  of  the  explosives  should  be  carefully  made  with  plastic  matter,  so 
as  to  avoid  blown-out  shots;  the  length  should  not  be  less  than  8  inches  for  the 
first  3  ounces  of  charge,  with  the  addition  of  2  inches  for  each  extra  3  ounces,  and 
should  at  all  times  exceed  20  inches ;  the  cartridge  should  be  fired  by  a  detonator 
strong  enough  to  ensure  the  detonation  of  the  explosive  even  when  unconfined  • 
fi.  The  Inspector  of  Mines  may  authorize  the  use  of  other  explosives  in  stone-drifts, 
or  variations  in  the  amount  of  stemming  to  be  used. 

Mr.  J.  A.  G.  Ross  said  the  question  of  the  temperature  of  detonation  was  partlv 
discussed  at  the  last  meeting  as  being  quite  independent  of  the  flame,  the  flame 
being  to  a  certain  extent  an  accident.  Captain  Noble,  in  his  experiments  before  the 
Institution  of  Civil  Engineers,  demonstrated  by  calculation  and  experiment  that 
the  temperature  of  the  detonation  of  English  gunpowder  was  about  4.000  dees. 
Fahr.,  and  he  also  went  on  t<>  state  that  at  some  considerable  distance  from  the  seat 
of  the  detonation,  and  consequently  some  short  time  afterwards — some  fractional 
portion  of  time, — that  temperature  was  continued  to  the  muzzle  of  the  gun.  where 
he  estimated  it  to  be  about  400  degs.  less.  But  that  temperature  which  was  left 
without  any  flame  would  be  quite  sufficient  to  ignite  fire-damp.  Captain  Noble  also 
mentioned  with  regard  to  gun-cotton  and  such-like  explosives  that  the  probable  tem- 
perature was  double  that  of  gunpowder.  So  that,  according  to  these  experiments, 
the  more  violent  the  detonation — flame  or  no  flame — the  greater  the  danger  of  explo- 
sion. He  (Mr.  PiOss),gathered  that  the  deductions  would  be  the  same  in  these  experi- 
ments, which,  he  presumed,  would  give  the  same  results  in  a  shot-hole  as  in  a  cannon. 
Mr.  Oesman  (Wigan)  said  the  publication  of  the  translation  of  the  French  Com- 
mission's report  gave  valuable  information  as  to  the  temperatures  at  which  certain 
explosives  detonated.  There  were  three  classes  of  explosives.  First,  gunpowder — 
simply  a  question  of  burning  and  not  of  detonation;  second,  detonation  pure  and 
simple,  such  as  nitro-glycerine ;  third,  a  mixture  of  the  two,  such  as  carbonite  and 
ardeer  powder,  brought  out  by  the  Nobel  Company.  With  gunpowder  an  enormous 
temperature  was  produced  :  with  nitro-glycerine  also  ;  but  with  explosives  such  as 
those  composed  of   dinitro-benzene  and  nitrate  of  ammonia  the   temperature  of 
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detonation  was  much   less.      With  oarbonite  and  other  explosives  containing  an 
excess  of  carbon  large  quantities  of  the  invisible  odourless,  hut  highly  poisonov 
carbon  monoxide  were  formed,     In  future  the  funic-  given  ofl  bj   mch  expl 
would   '"'  an   important   matter,  and   the   presence  of  carbon   monoxide  would 
n< >t    be  tolerated  in  a  mine  either  by  the  miner  or  by  the  scientific  manager  who 
might  have  t<>  deal  with  them, and  therefore  they  mnsl  come  -  iter  to  the 

dual  mixtures  of  nitrate  of  ammonia  with  organic  compounds.  The  French  Commis- 
sion bad  advocated  these  dual  mixtures,  and  he  would  also  draw  the  attention  of 
the  members  to  the  report  of  Her  Majesty's  Inspectors  of  Explosives  for  the  year 
lxiio  on  the  subject,  in  which,  although  the  mixture  of  citrate  of  ammonia  with 
nitrated  hydro-carbons  was  acknowledged  to  be  safe,  yel  it  would  not  be  permissible 
to  mix  nitrate  of  ammonia  with  uitro-cotton,  nitro-glycerine,  or  any  of  the  explosives 
containing  nitre-glycerine,  such  as  dynamite,  gelignite,  etc.,  on  account  of  the 
liability  of  tfte  nitrate  of  ammonia  to  decompose,  free  acid  being  formed  which 
would  quickly  decompose  the  organic  nitro-derivative.  He  might  conclude  by 
saying  that  the  safest  explosives  they  had  at  the  present  time  were — and  those 
of  the  future  would  he — those  which  combined  nitrate  of  ammonia  with  nitrated 
organic  substances,  as  they  found  in  roburite  or  ammonite. 

Mr.  BoNSEE  said  that  the  new  safety  explosive,  ardeer  powder,  was  introduced 
by  Messrs.  Nobel's  Explosives  Company,  Limited,  almost  simultaneously  with 
grisoutite  (and  was  nearly  identical  in  character),  which  had  received  such  favour- 
able notice  from  M.  Macquet  before  the  Belgian  School  of  Mines,  who  had  reported 
to  the  French  Commission.  In  the  case  of  ardeer  powder  the  temperature  was 
reduced  by  the  introduction  of  50  per  cent,  of  sulphate  of  magnesia  (the  ordinary 
Epsom  salts  of  commerce).  The  speaker  then  named  the  constituent  parts  of  these 
explosives,  and  went  on  to  say  that  2.000  degs.  centigrade  might  be  put  down  as 
the  temperature  at  which  fire-damp  would  ignite.  No  doubt  if  some  scientist 
could  determine  the  actual  temperature  of  an  explosion  that  of  ardeer  powder  would 
be  found  to  be  about  1,100  degrees  centigrade.  The  tests  to  which  it  had  been 
subjected  to  by  blowing  out  shots  of  1  lb.  weight  into  explosive  mixtures  of  gas  and 
air  and  dust  proved  its  perfect  safety  most  conclusively.  It  was  also  the  cheapest 
explosive  now  offered. 

The  Chairman  said  he  thought  they  might  congratulate  themselves  on  having 
present  the  representatives  of  the  most  important  farms  who  manufactured  explosives. 
Whatever  might  be  the  result  they  knew  that  the  talent  of  the  highest  chemists 
was  being  brought  to  bear  on  the  question,  and  it  was  to  be  hoped  that  in  time 
one  or  other  of  the  -'ites"  would  be  proved  safe.  He  had  pleasure  in  moving  a 
vote  of  thanks  to  Messrs.  Brown  and  Foggin  for  their  valuable  papers,  the  discussion 
on  which  would  be  continued  from  time  to  time. 

The  vote  of  thanks  was  cordially  adopted. 
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ISO  PBOOBBDIKOfl. 

The  Chairman  < gratulated  the  members  on  having  elected  m  their  Pn 

for  the  ensuing  year  a  gentleman  bo  well  known  to  them  all, and  who  had  worked  so 
assiduously  tor  the  Institute,  certainly  from  the  time  he  (Mr.  Cochrane)  lia<l 
known  it,  and  whose  seal  in  the  interests  of  the  institute  would  carry  it  on  to 
jes  than  it  had  hitherto  reached.  I'  needed  just  now  ■  strong 
President  and  a  strong  Council,  for  il  musi  take  t h«*  lead  as  it  had  always  done.  I1 
only  remained  tor  him  now  to  thank  them  for  the  manner  in  which  they  had 
tolerated  him  during  his  presidency.    Be  was  unfortunately  compelled  to  be  away 

for  the  early  part  of  it,  but  his  Council  had  done  quite  as  well  as  ever  he  could  have; 

done,  and  in  resigning  the  chair  to  Mr.  Simpson  he  could  only  express  the  pleasure 
he  had  had  in  holding  thai  responsible  position,  which  would  be  enhanced  it 
he  knew  that  he  had  done  his  work  in  a  manner  which  met  with  their  approval. 

lie  was  sorry  Mr.  Simpson  had  been  obliged  to  leave  early  and  that  he  could  not 
therefore  hand  over  the  chair  to  him,  but  must  tor  a  while  leave  it  vacant,  lb- 
would  also  congratulate  them  on  the  appointment  of  the  new  Council,  who  would. 
he  felt  sure,  proceed  to  their  work  with  all  the  energy  of  which  they  knew  them  to 
be  capable. 

Mr.  Taos.  Bell  (H.M.  Inspector  of  Mines)  asked  to  be  allowed  to  expi 
behalf  of  the  members  their  thanks  to  Mr.  Cochrane,  and  their  appreciation  of  his 
very  valuable  services  and  the  manner  in  which  lie  had  carried  out  the  duties  of 
President  during  the  year.  They  were  all  sorry  to  lose  Mr.  Cochrane  as  President 
of  the  Institute,  but  his  year  of  office  would  not  be  forgotten  by  the  members,  and 
they  hoped  he  would  always  lend  his  presence  at  the  meetings  to  support  his 
successors. 

The  meeting  then  terminated. 
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I.— BAROMETER,  THERMOMETER.  Etc..  READINGS  FOR  THE  YEAJ 


By  M.  Walt  ox  Beowx. 


The  barometer,  thermometer,  etc..  readings  have  been  supplied  by  permission  of 
the  authorities  of  the  Glasgow  and  Kew  Observatories,  and  give  some  idea  of  the 
variations  of  temperature  and  of  atmospheric  pressure  in  the  intervening  dista 
in  which  the  mining  operations  of  this  country  are  chiefly  carried  on. 

barometer  at  Kew  is  34  feet,  and  at  Glasgow  is  ISO  feet,  above  sea-level. 
The  barometer  readings  at  Glasgow  have  been  reduced  to  32  feet  above  sea-levei.  by 
the  addition  of  '150  inch  to  each  reading,  and  the  barometer  readings  at  both 
observatories  are  reduced  to  32  degs.  Fahr. 

The  fatal  explosions  in  collieries  are  obtained  from  the  annual  reports  of  ELM. 
Inspectors  of  Mines,  and  are  printed  upon  the  diagrams  (Plates  I..  II..  III., 
and  TV.)  recording  the  meteorological  observations. 
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10a.m. 

4  P.M 

10  P.M. 

Max 

Miu. 
21-9 

1 

4  a.m. 

10  a.m. 
80-167 

4  P.M. 

10  P.M. 

Max 

Min. 

1 

30-339 

337 

30-111 

2 

30-230 

10  L66 

30-018 

29-898 

34-6 

30-8 

K 

2 

29-953 

89*849 

14-9 

sw 

3 

29761 

29-723 

29-680 

86-2 

31-8 

SE 

3 

29*610 

29-544 

89-452 

89-421 

41-0 

4 

29-604 

29-787 

462 

361 

S 

4 

29-358    2 

29-414 

29-340 

U-2 

SW 

5 

29-721 

89-721 

29-798 

29-930 

51-3 

13-9 

88W 

5 

89-216 

29-871 

18-7 

ssw 

0 

80-124 

80-227 

30-233 

53-3 

10-3 

ssw 

6 

29-624    _ 

29732 

50-8 

7 

30-341 

30-347 

30-881 

80-847 

477 

ssw 

7 

29-748 

396 

sw 

8 

30-802 

30-259 

30-139 

51-2 

43  1 

s 

8 

29-912 

50() 

11-4 

E8E 

9 

30-2  19 

80-261 

30-056 

29-876 

371 

s 

9 

29*81 1 

U-9 

8  W 

10 

30-002 

30-059 

30-19] 

531 

40-3 

w 

L0 

29-400 

29-920 

11 

30-219 

30215 

30-120 

30-077 

511 

sw 

11 

29-980 

38-1 

12 

30-051 

30-187 

30-255 

51-8 

32-6 

NW 

12 

29-753 

5T1 

WSW 

13 

30-169 

30-104 

30-075 

30-169 

518 

.'.1-2 

SW 

13 

29-563 

29  707 

49'7 

418 

WSW 

14 

30-203 

30-202 

30-067 

30-012 

501 

37-0 

s 

it 

89-349 

50-9 

SSW 

15 

30-033 

30-125 

30-105 

30- 134 

49-5 

17-3 

sw 

15 

29-779 

29-860 

89-752 

490 

391 

SSW 

16 

30-112 

30-133 

30-095 

30-105 

52-2 

459 

sw 

16 

29695 

29-699 

523 

17-1 

SSW 

17 

30-085 

30-075 

30-004 

29-891 

47-8 

12-1 

s 

17 

29-624 

29-678 

89-607 

29-532 

431 

ssw 

18 

29-681 

29-708 

29-694 

29-503 

50-4 

ia-e 

sw 

18 

29*224 

29-180 

48-9 

sw 

19 

29-448 

29-467 

29-450 

29-448 

51-0 

39-8 

SW 

19 

28-699 

28671 

28-838 

14-8 

34-6 

sw 

20 

29-408 

29-491 

29-483 

29-476 

43-S 

359 

SW 

20 

28-990 

29-072 

29-097 

29146 

38-3 

326 

sw 

21 

29-525 

29-646 

29-560 

29-380 

447 

33-8 

sw 

21 

29-167 

29-171 

39-003 

342 

ssw 

22 

29-044 

liH-iis:, 

29-276 

29-191 

439 

38-4 

w 

22 

28-713 

88-808 

88-918 

28-916 

10-5 

wsw 

23 

28-842 

28-651 

28-962 

29-430 

49-2 

35-5 

wsw 

23 

28-797 

28-827 

29-003 

89-156   36-8 

88-9 

WNW 

24 

29-596 

29-733 

29-748 

29-651 

50-5 

3-1-7 

sw 

24 

29-269 

29-406   29-424 

89-240 

41-3 

36-2 

ssw 

25 

29-599 

29-544 

29-511 

29-615 

541 

46-6 

ssw 

25 

28-930 

28-829   28-851 

49-3 

412 

sw 

26 

29-710 

29-885 

29-828 

29-694 

50-6 

40-2 

wsw 

26 

29-033 

29-287   29-271 

89-319 

43-8 

373 

wsw 

27 

29-650 

29-867 

29-986 

30-057 

51-3 

40-1 

w 

27 

29-367 

29549   29-750 

89-879 

41-2 

34-9 

w 

28 

29-928 

29-668 

29-673 

29-828 

49-2 

36-4 

sw 

28 

29-853 

29-851    89-934 

30-095 

40-0 

318 

N 

29 

30-045 

30-246 

30-361 

30-439 

42-2 

33-7 

N 

29 

30-148 

30-239 

30-162 

447 

324 

wsw 

30 

30-408 

30-379 

30-321 

30311 

46-9 

33-8 

w 

30 

30-166 

30-183    30-151 

30-181 

48-1 

43-3 

wsw 

31 

30-292 

30-352 

30-339 

30-341 

49-9 

44-0 

NW 

31 

30-162 

30-197   30  229 

30-211    50-7 

45-0 

wsw 

FEBRUARY,  1890. 


1 

30-320 

30-285 

30-196 

30-147 

49-0 

43-8 

SW 

1 

30-087 

29-989 

29-858 

29-815 

47-2 

415 

SW 

2 

30-081 

30-152 

30-262 

30-404 

48-4 

32-8 

W 

2 

29-878 

30-002 

30-102 

30165 

437 

36-2 

WSW 

3 

30-441 1 

30-455 

30-464 

30-322 

45-0 

28-9 

SW 

3 

30-201 

30-230 

30-182 

30-130 

462 

437 

wsw 

4 

30-241 

30-176 

30-073 

30-050 

39-1 

28-2 

w 

I 

30-027 

30-021 

30-028 

30099 

45-2 

WNW 

5 

30-026 

30-080 

30-112 

30-179 

13-9 

36-1 

N 

5 

30-136 

30-193 

30-187 

30-223 

44-0 

31-9 

WSW 

6 

30-175 

30-232 

30-235 

30-292 

41-0 

34-8 

NE 

t. 

30-238 

30-299 

30311 

30-388 

34-3 

29-1 

NNK 

7 

30-321 

30-394 

30-380 

30-406 

41-0 

343 

NE 

7 

30-433 

30-480 

30-457 

30-459 

38-4 

299 

NE 

8 

30-374 

:m-:;s- 

30-343 

30-312 

410 

32-4 

E 

8 

30-424 

30-420 

30-361 

30-318 

38-1 

29-0 

ENE 

9 

30-215 

30-197 

30-141 

30-173 

38-3 

33-7 

ENE 

g 

30-269 

30-275 

E 

10 

30-171 

30-269 

30-274 

30-320 

44-8 

31-2 

E 

10 

30-273 

30-262 

38-0 

33-7 

E 

11 

30-302 

30-271 

30-154 

30-104 

42-0 

275 

E 

11 

30-257 

30-255 

30-138 

80-092 

40-0 

29-5 

ENE 

12 

30-036 

29-964 

29-806 

29-739 

41-1 

29-5 

E 

12 

29-984 

29-921 

29-791 

29775 

384 

31-8 

ESE 

13 

29-664 

29-085 

29-702 

29-766 

401 

29-1 

ESE 

13 

29-749 

29-744 

29727 

2:»-7si 

373 

31-6 

SE 

14 

2H-MO 

29-856 

29-838 

29-813 

41-1 

36-5 

N 

n 

29-812 

29-850 

89-838 

29860 

ENE 

15 

29-627 

29-458 

29-380 

29-520 

39-8 

33-2 

NE 

15 

29-835 

29794 

29-674 

29-589 

39-7 

W 

16 

29-632 

29-728 

29-738 

29-778 

48-9 

34-2 

g 

16 

29-479 

29-477 

29551 

29-647 

343 

SW 

17 

29-736 

29-811 

29-860 

29-968 

49-8 

38-3 

SE 

17 

29-710 

29-814 

29-855 

29-990 

44-2 

365 

ESE 

18 

30-002 

30-096 

30-103 

30-165 

46-3 

38-7 

ENE 

18 

30163 

30-192 

30-260 

41-7 

38-2 

ENE 

19 

30-173 

30-222 

3U-1S7 

30-177 

43-6 

36-9 

ENE 

19 

30-249 

30-265 

30-204 

30-169 

40*7 

361 

E 

20 

30-106 

30-061 

30-042 

30-082 

39-1 

371 

.    E 

20 

30113 

30-070 

30-013 

30011 

367 

21 

30-099 

30-167 

30-191 

30-285 

k0-l 

34-8 

N 

21 

30-014 

30-074 

30-125 

30235 

33-6 

NNE 

22 

30-337 

30-455 

30-505 

30595 

42-6 

36-1 

NE 

22 

30-425 

30-478 

30-564 

131 

W 

23 

30-623 

30-656 

30-613 

30-648 

419 

31-9 

NE 

2.; 

30-587 

30-656 

30-646 

30-674 

50-9 

39-9 

WNW 

24 

30592 

30-565 

30-485 

30-484 

451 

311 

NE 

24 

30-621 

30-636 

30-603 

48-0 

37-2 

SE 

25 

30-486 

30-479 

30-348 

30-283 

42-4 

34-5 

XX  K 

35 

30-599 

30-590 

30-468 

+41 

39-8 

26 

30-241 

30-251 

30-253 

30-394 

43-2 

37-2 

NE 

86 

303S8 

30-446 

30-548 

30633 

434 

33-4 

ENE 

27 

30-407 

30413 

30-325 

30-331 

393 

313 

N 

27 

30-590 

30-530 

30-492 

390 

31-2 

N 

28 

30-353 

30-398 

30-312 

30-260 

38-4 

281 

N 

2S 

30-498 

30-447 

30-279 

30119 

38-5 

29-0 

WNW 

BABOMETEB.   THEBMOMETEB.    ETC..    BBAMNGS,    1890 
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MARCH,  1890. 


KEW. 


GLASGOW. 


Barometer. 


30-118 
30-058 

30-356 

29-800 

29-584 
29-559 
30-225 

30-175 

30  084 
2!  -820 

29-6:33 

- 
29-469 
29-357 
29-404 

29-721 
29-697 
29-6  « 
29  156 

29-1,70 

29'824 

30-069 
30-155 


10  a. si 


30-  10 

30-173 
30-469 

29780 
29-540 
29-839 
30-126 
30-247 
22 
30-013 
29-806 
29601 

29-370 
29-442 
29431 

29-745 

29-654 
29-495 

29-761 
30-025 

29923 
30-095 
30-218 


4  p.m. 


29-873 

.- 

30-421 

30-212 

29-766 

29-383 
30-026 

30-114 
10-263 

30-235 
29-900 
29-746 

29-503 
29-134 
29-417 
29-327 
29-461 
29-399 
29-640 
29-729 
29-551 

29-951 

30-054 
30-232 


IOp.m 


29-954 
30-321 
30-464 
29-979 
29-848 
29-818 

29-375 
30-246 
30-169 
30342 

30-194 
29-891 

29-741 
29432 

29-495 
29-326 
29-457 

29-750 
29-627 

29-147 

30-010 

30-067 
29-936 

30-117 
30-283 


Tempera 
tube. 


Max 


Min 


351  27-6 

33-1  23-8 

3ri'  22-4 

: 

443  34-1 

54-3  39-2 

52-i  4  .-7 

42-5!  31-1 

55-7  444 

47'7  40-3 

55-0  39-7 

52-4  40-2 

55-6  42-9 

520  35-6 

52*1  32-0 

43-2  40-0 

44-5  35-7 

5o-2  33-4 

52-9  35-3 

50-0  42-9 

48-8  36-3 

54-2  43-4 

64-2  45-9 

54-7  37-9 

50-5  35-1 


Barometer. 


Tempera- 
tube. 


5'? 


sw  | 

NNE  ! 
NE 
NSW, 

N 
WNW 

W 
SW 
NW 
SW 

w 

w 

SW 
SW 

s 
s 
w 

E 
N 


WNW  2o 

W  21 

SW  22 

S  23 


S 
SW 
W 
SW 

s 
wsw 

WNW  30 
NW     31 


4  A.M. 


29-987 
30-277 
30-486 
30142 
•9-749 
29-476 
29-437 
29-312 
29512 
29-645 
29-691 
29-933 
29663 
29-624 
29-283 
29-083 
29077 
29-300 
29*630 
29655 
29-359 
29-540 
29-467 
29-411 

29-299 
29-557 
29-d03 
29-770 
29-866 
30-202 


10  a.m.  4  p.m.  10  p.m.  Max 


30-069 

30-369 

30-498 

29-947 

29-815  i 

29-580 

29-394 

29-187 

29-765 

29-693 

29-756 

29-893 

29-567 

29-620 

29-196 

29-032 

29179 

29-374 

29-669 

29530 

29-452 

29-539 

29-493 

29-291  ; 

29-195 

29-393 

29-694 

29-835 

29736 

29-988 

30-254 


30112 
30-408 
30-405 
29-662 
29661 
29-592 
29-173 
28-965 
29-89S 
29-686 
2 ---79 
29-859 
29-572 
29-512 
29-174 
28-960 
29-233 
29-422 
29-667 
29-387 
29521 
29-482 
29-493 
29-128 
29-335 
29-555 
29-754 
29-830 
29-730 
30-031 
30-235 


30-218 
30-487 
30-329 
39-682 

29-585 

29-444 

29-310 

29-276 

29-29 

29-695 

29-964 

29-787 

29-639 

29431 

29-175 

29-021 

29-3  I 

29-546 

29-702 

29-340 

29-577 

29-465 

29-517 

29-069 

29-383 

29-677 

29-812 

29-827 

29-800 

30-134 

30-239 


40-0 
37-2 
39-0 
461 
47-2 
49-0 
475 
41-8 
389 
52-2 
523 
50-1 
50-0 
471 
49-2 
54-8 
46-0 
48-1 
47-6 
45-4 
46-9 
47-7 
49-4 
48-0 
4.5-0 
50-4 
54-4 
51-8 
50-8 
49-0 
50-1 


30-9  |  ENE 
2S-9        E 
24-9    WSW 
37-9      SW 
37-3    WNW 
WWW 
WSW 
SSE 
NW 
WSW 
47-9    WSW 
48*0      SW 
W 
SSW 
S 
SE 
36-0    WNW 


42-9 
36-7 
31-5 
28-7 
35-9 


40-5 
369 
41-7 
39-5 


36-7 
37-5 
34-7 
38  2 
39-9 
37-9 
35-4 
41-3 
42-2 
43-5 


S 
NE 

NNE 
SW 
SW 

WNW 
SE 

ENE 
W 

w 


45-0    vrxw 
42-8      SW 

w 

NE 


38-3 

33-8 


APEIL,  1890. 


30-302 

30-196 

30-091 

29-917 
29-619 
2l'-6ll 
29-814 
29-66S 

L3    29-658 

16    29-318 

29-784 

30-183 

29-921 
29-971 

29-341 

29-516 

29-947 
29-901 
29-915 


30-351 
30-130 
30-099 

30-117 

29-887 
29-456 

29-629 

29-711 

- 
29-455 

29-41s 
29-564 
^9-!S65 

29-980 

29-613 
29-242 

29-917 

29-939 
29-894 
29-944 


30-254 

30-247 

30-061 

30-079 

30-067 

30-117 

30-044 

30- 111 

30-004 

29-999 

29-800 

29-728 

- 

29-626 

29-766 

29-767 

29851 

29-848 

29-714 

29-710 

29-315 

- 

29-349 

29-412 

29-428 

29-191 

29745 

30-019 

30-150 

30194 

30-106 

30-062 

29-o27 

29-587 

29-543 

29-343 

29-472 

29-677 

29-987 

29-857 

29-915 

29-912  | 

29-929 

47-7 

35-0 

NE    ' 

46-9 

32-2 

E 

51-4 

35-9 

NE 

561 

32-S 

NE 

56-3 

30-8 

N 

53-3 

40-4 

SW 

54-7 

41-3 

w 

37-8 

NW 

17-0 

NNW 

44-0 

NE 

r,-z 

34-9 

NNW 

49-9 

NW 

51-7 

37-9 

E 

54-9 

E 

56-9 

E 

59-4 

!<!-l 

E      , 

55-1 

NE 

46-2 

42-1 

NNE 

453 

39-9 

NNE 

39-3 

WSW 

56-4 

SW    ; 

43-5 

SW   1 

56-6 

41-6 

WNW 

53-6 

14-7 

wsw! 

49-5 

NNE  ' 

53"3 

34-0 

NW    | 

53-1 

363 

NNW 

56-9 

401 

SW 

591 

40-5 

s 

62-7 

40-2 

E 

30-246 
30-144 
30-079 


4  30-107 
30-040 
29-730 
29-208 

29-570 
9  29->74 

10  29-777 

11  29-913 
-  2 

13  29-666 

15  29  570 

16  29-580 

17  29-610 
IS  29-800 
19  29-952 

-  . 

22  29-378 

23  29-599 

24  29-583 

25  29-330 

26  29-502 
\  -  - 

28  29-919 

29  29-767 

30  29-802 


30-230 
30-117 
30-122 
30-106 
30060 
29-684 
29-299 
29-645 
29-863 
29-811 
29-923 
29-745 
29-629 
29-597 
29-571 
29-578 
29-651 
29-852 
29-972 
30-016 
29-719 
29-442 
29-649 
29-504 
29-318 
29-662 
29-934 

29-775 

29-876 


39163 
30-025 
30-089 
30-044 
29-961 
29-576 
29-477 
29-762 
29-736 

29-885 

29-683 
29-547 
29-567 
29*550 
29-582 
29-697 
29-886 
29-976 
29-987 
29  735 
29-529 
29-683 
29-430 
29-304 
29-737 
29-920 
29-772 
29-749 
29-872 


30-174 
30-062 
30-113 
30-066 
29-866 
29-382 
29-572 
29-871 
29-705 

29-865 

29-694 
29-578 

29-599 

29-600 

29-607 

29-764 

29-955 

30-004 

29-962 

29-712 

29-600 

29-658 

2938S 

29-392 

29-850  1 

29-942 

29-771 ! 

29-788  I 

29-9091 


54-7 
59-0 
57-0 
56-9 
54-0 


34-6 
37-7 
36-2 
35  M 

40-8 


52-2    13-8 


52-0 
47-0 
47"2 
47-0 
47-1 
44-0 
461 
48-2 
48-1 
47-0 
46-7 
47-2 
45-0 
49-2 
57-0 
51-8 
52-4 
50-4 
52-0 
51-2 
56-3 
51-8 
55-3 
60-0 


18-2 
36-0 
33-7 
34-4 
32-9 
35-5 
320 
34-1 
36-7 
415 
40-8 
39-9 
39-1 
39-2 
45-1 
42-0 
41-7 
39-2 
36-8 
38-4 
38-4 
363 
37-2 
46-4 


SW 

NNE 

SW 

SW 

SW 

WSW 

NNW 

NNW 

WNW 

NW 

N 

ENE 

ENE 

SE 

E 

E 

E 

E 

ESE 

S 
SSW 
W 
W 
W 

w 

N 
NW 
NW 
SSW 

S 
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BABOMBTEB,   THBBMOMETEB,    ETC.,    READINGS,   1890 

MAY,  1890. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 

o o 

as 

Barometer. 

o  o 

ture. 

TURE. 

§5 

6 

1  A  .  U  . 

10  a.m. 

4  I'M. 

10  P.M. 

Max 

Miu. 

j 

4  a.m. 

10  a.m. 

I  i-.m. 

KM-.M. 

Has 

Min. 

ft 

29-866 

62-5 

44*9 

fif 
E 

ft 

611 

43-5 

Sf 

1 

29-886 

29-868 

29-815 

1 

29-937 

29-952 

89*911 

29924 

2 

29-859 

89-881 

613 

HI 

K 

g 

29-849 

29 -M 15 

89*722 

29*781 

59-9 

41-9 

SE 

3 

89-86] 

89-835 

89-773 

29*778 

65-5 

379 

SSE 

3 

29-789 

29-761 

89*684 

39*729 

61-8 

43-2 

ENE 

4 

29709 

89*665 

29-557 

29-526 

631 

410 

S 

4 

29*712 

29-692 

39*644 

89*685 

43-5 

B 

5 

29-476 

29-521 

29-778 

29-650 

613 

16*1 

SW 

5 

29-669 

89*611 

89*633 

59*9 

48-1 

ENE 

0 

29-646 

89-659 

89-602 

39*632 

621 

43-0 

SSE 

6 

89*611 

89*622 

39*586 

89-601 

58-0 

47-6 

BNB 

7 

29-606 

29-602 

29-572 

29-593 

61*3 

40-1 

ESE 

7 

89-616 

39*602 

29-671 

58-1 

4-1-8 

E 

8 

29-576 

29-595 

29-585 

29-639 

60*0 

42-3 

NNE 

8 

29-670 

39*784 

89*718 

29-759 

54-0 

!>■- 

ENE 

9 

89*602 

29-5-15 

29-423 

29-402 

512 

47-0 

NE 

9 

89*740 

29-701 

89*628 

56-2 

17- 

E 

10 

29"406 

29-445 

39*444 

89*453 

60-6 

48-2 

S 

10 

29*493 

39*443 

89*440 

89*478 

46*  1 

E 

11 

29-346 

89-447 

29-517 

29-575 

63-0 

483 

SW 

11 

29-493 

89*519 

29*440 

89-425 

53-9 

16*8 

ENE 

12 

29-548 

29-544 

29  493 

29-504 

64*1 

460 

N 

12 

29-405 

29-449 

29-436 

89*487 

60-8 

47*0 

SW 

13 

29-512 

29-554 

29-578 

29-684 

62*3 

48*4 

NW 

13 

29-500 

29-529 

29-481 

29-454 

57-8 

4.5-0 

w 

14 

29-695 

29-833 

29-900 

30-026 

613 

470 

W 

14 

29-489 

29-565 

29-645 

29-708 

56-0 

42-5 

SW 

15 

30-049 

30-074 

30042 

30-044 

60-9 

42-4 

SW 

15 

29-733 

29-746 

29-743 

29-786 

57-0 

12*5 

SSW 

16 

29-965 

29-SS7 

29-773 

29-685 

669 

431 

s 

16 

29-753 

29735 

29-657 

29-530 

53-6 

46*8 

ssw 

17 

29-626 

29-679 

29-712 

29713 

61-9 

46-2 

SW 

17 

29-336 

29-336 

29-461 

29576 

577 

47-9 

SW 

18 

29-689 

29-705 

29-724 

29-736 

62-4 

48-5 

SSE 

18 

29-597 

29-633 

29-662 

29717 

58-6 

47-0 

SE 

19 

29-720 

29-693 

29-602 

29-564 

67-2 

42-1 

ESE 

19 

29-730 

29-781 

29-753 

39*761 

58-4 

48-5 

ENE 

20 

39-619 

29-671 

29-779 

29-931 

59-5 

49-2 

S 

20 

29-682 

29-636 

29-588 

29-671 

60-4 

49-0 

BNE 

21 

30-014 

30-110 

30-169 

30*244 

65-9 

49-1 

S 

21 

29-716 

29-858 

2*.-<!.SII 

30-078 

58-3 

50-0 

SSW 

22 

30-271 

30-287 

30-227 

30-246 

69-9 

41-7 

NE 

22 

30-143 

30-222 

30-236 

30-247 

61-8 

52-3 

ssw 

23 

30-210 

30-173 

30-103 

30-092 

68-0 

46-6 

E 

23 

30-240 

30-206 

30-140 

30-177 

70-0 

47-9 

ENE 

21 

30-047 

29-999 

29-941 

29-940 

73-4 

50-9 

E 

24 

30-196 

30*177 

30-120 

30-116 

66-6 

48-7 

E 

25 

29-8SS 

29-860 

29-813 

29-921 

72-6 

51-2 

NE 

25 

30-075 

30-039 

30056 

30-083 

59-2 

44-2 

E 

26 

29-907 

29-915 

29-894 

29-940 

591 

452 

N 

26 

30-068 

30-050 

29-995 

30-037 

610 

43-6 

ENE 

27 

29-947 

29  945 

29936 

30026 

59  3 

411 

NE 

27 

30-023 

30-030 

29999 

30-040 

611 

44*4 

NW 

28 

30-031 

30-090 

30-094 

30117 

591 

42-8 

N 

28 

30-046 

30-046 

30-023 

30  047 

62-0 

42-8 

wsw 

29 

30-106 

30-105 

30-043 

30-003 

63-1 

454 

W 

29 

29998 

29-946 

29-855 

29756 

538 

46-1 

W 

30 

29-866 

29-930 

29-959 

30-087 

619 

43-9 

wsw 

30 

29-800 

29-884 

29-956 

30-014 

51-0 

40-3 

NW 

31 

30-115 

30-138 

30-114 

30-110 

57-2 

39-3 

NW 

31 

30-051 

30065 

30047 

30032 

559 

3S-1 

NW 

JUNE,  1890. 


1 

30-082 

30-054 

29-946 

29-931 

630 

38-3 

W 

1 

29-929 

29-821 

29-734 

29-752 

561 

43-8 

SW 

2 

29-986 

29*921 

29-909 

29-939 

65-3 

50-3 

W 

2 

29-764 

29-738 

29-580 

29-549 

54-6 

43-7 

SW 

3 

29-929 

29951 

29-899 

29-881 

62-1 

50-3 

SW 

3 

29-550 

29-566 

29  509 

29-292 

56-2 

510 

SW 

4 

29-825 

29-833 

29-825 

29-861 

59-1 

53-5 

s 

4 

29-469 

29-594 

29-638 

29-683 

62-5 

517 

wsw 

5 

29-907 

29-967 

29-979 

30-007 

65-2 

53-4 

ssw 

5 

29-686 

29715 

29-753 

29-708 

626 

52-7 

SW 

6 

29-948 

29-879 

29914 

30-098 

66-9 

47-7 

SW 

6 

29  619 

29-678 

29-.SSO 

30-083 

57-4 

*2*3 

WNW 

7 

30-180 

30-277 

30-290 

30-325 

63-9 

46-2 

NW 

7 

30172 

30*241 

30273 

30-294 

58-3 

39-5 

WNW 

8 

30-306 

30-239 

30-156 

30-091 

632 

42-7 

s 

8 

29-231 

30111 

29954 

29-843 

591 

39-0 

SE 

9 

30-039 

30-041 

29-998 

29-985 

68-8 

50-0 

SW 

9 

29-788 

29-821 

29-840 

29-840 

633 

521 

WSW 

HI 

29-897 

29-766 

29-687 

29-679 

70-9 

46-2 

SSE 

Id 

29-803 

29  720 

29-571 

29537 

68-2 

52-8 

s 

11 

29-661 

29612 

29-587 

29-586 

62-2 

50-8 

SW 

11 

29511 

29-496 

29-502 

29-577 

563 

51-2 

ENE 

12 

29-537 

29-590 

29-671 

29-791 

65-0 

50-5 

N 

12 

29-606 

29-689 

29-848 

30-000 

57-7 

51-7 

NE 

13 

29-891 

30-030 

30-137 

30-255 

60-5 

51-9 

N 

13 

30-093 

30-180 

30-219 

30-265 

60-2 

49-3 

E 

14 

30-296 

30-343 

30-329 

30-336 

62-4 

49-4 

N 

14 

30-279 

30-301 

30-289 

30-313 

60-8 

48-1 

NE 

15 

30-354 

30-371 

30-317 

30-302 

69-6 

49-6 

NW 

15 

30312 

30-280 

30-204 

30-150 

58-9 

47-1 

WNW 

16 

30-251 

30-229 

30-111 

30-086 

71-9 

54-2 

WSW 

16 

30-032 

29-974 

29-894 

29-851 

62-0 

50-5 

WSW 

17 

30-011 

29-980 

29-942 

29-973 

63-9 

51-3 

SW 

17 

29760 

29-734 

29-733 

29-828 

59-5 

49-0 

wsw 

is 

30-015 

30*080 

30-037 

30-019 

65-9 

47-7 

SSW 

IS 

29-878 

29-885 

29-803 

29-861 

59-0 

47-4 

wsw 

19 

30-037 

30-106 

30-113 

30116 

68-3 

54-2 

NW 

19 

29912 

29-970 

29-958 

29-862 

60-8 

49-8 

NW 

20 

30-070 

30-056 

30-019 

30-049 

67-6 

50-6 

WSW 

.'ii 

29-770 

29-818 

29-871 

29-923 

61-3 

50-8 

W 

21 

30-052 

30-083 

30-058 

30-124 

693 

49-7 

NW 

21 

29-909 

29-932 

29921 

29-924 

60-9 

49-8 

WSW 

22 

30-114 

30-123 

30-107 

30*122 

661 

50-8 

SW 

22 

29-910 

29-954 

29-984 

30-017 

61-5 

521 

wsw 

23 

30-114 

30-141 

30141 

30-148 

69-2 

57-4 

w 

2:_1 

30-037 

30-040 

30-018 

30-042 

60-7 

51-0 

wsw 

24 

30-149 

30-156 

30-109 

30-100 

75-0 

58-1 

SW 

2+ 

30*044 

30-053 

30-001 

29-840 

61-7 

50*7 

SW 

25 

30-072 

30-083 

30-037 

30-031 

75-7 

54-6 

wsw 

25 

29-733 

29-850 

29-933 

29-966 

60-1 

46-5 

w 

26 

29-967 

29-907 

29-847 

29-831 

67-9 

54-0 

SW 

36 

29-909 

29-833 

29-747 

29-678 

59-3 

43-0 

WSW 

27 

29-800 

29-797 

29-771 

29-810 

65-8 

50-0 

w 

27 

29594 

29-553 

29583 

29-650 

61-2 

46-1 

WNW 

28 

29-796 

29-784 

29-760 

29-777 

64-4 

49-0 

ssw 

28 

29-694 

29-758 

29-775 

29-831 

59-8 

48*0 

ENE 

29 

29-808 

29-879 

29-839 

29-798 

66-7 

49-0 

NW 

39 

29-807 

29754 

29-654 

29514 

61-6 

46-9 

WSW 

30 

29-585 

29-300 

29-147 

29-175 

64-4 

50-9 

S 

30 

29314 

29-206 

29-191 

29315 

55-8 

51-4 

ESE 

l 
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JULY,  1890. 


KEW. 

GLASGOW. 

Barometer. 

Tempera 
ture. 

O    O 

.25 

Barometer. 

Tempera- 
ture. 

.25 

. 

1 

4  a.m. 

10  a.m. 

4  p.m. 

10  p.m. 

Max 

Min 

a 

4  A.M. 

10  a.m. 

4  p.m.   10  P.M. 

Max 

Min. 

2  a 

a 

5'? 

a 

a> 

i 

29-174 

29-277 

29-388 

29-564 

65-2 

49-7 

w 

i 

29-417 

29-559 

29-630 

29-701 

63-1 

51-4 

NE 

2 

29-685 

29-780 

29-787 

29-803 

67-6 

52-6 

w 

2 

29-687 

29-675 

29-661 

29-670 

57-9 

49-4 

NNW 

3 

29-761 

29-753 

29-769 

29-845 

65-2 

50-4 

NW 

3 

29-651 

29-705 

29-719 

29-742 

58-8 

48-7 

E 

4 

29-845 

29-812 

29-722 

29-618 

62-3 

46-9 

SW 

4 

29-718 

29-726 

29-697 

29-700 

62-4 

44-6 

NW 

5 

29-481 

29-478 

29-592 

29-703 

58-7 

50-2 

N 

5 

29-712 

29-706 

29-691 

29-754 

61-5 

47-7 

NW 

6 

29-735 

29-801 

29-847 

29-916 

60-0 

48-0 

WNW 

6 

29-760 

29-787 

29-751 

29-777 

60-9 

48-3 

NW 

7 

29-924 

29-921 

29-868 

29-742 

63-6 

47-6 

SW 

7 

29-743 

29-694 

29-604 

29-424 

58-3 

46-1 

SW 

8 

29-518 

29-501 

29-576 

29-722 

68-8 

52-5 

SW 

8 

29-298 

29-387 

29-463 

29-493 

60-2 

47-1 

WNW 

9 

29-722 

29-722 

29-670 

29-748 

60-9 

54-0 

ssw 

9 

29-528 

29-576 

29-620  1  29-733 

60-7 

46-0 

W 

10 

29-852 

29-949 

29952 

29-935 

65-3 

48-0 

NW 

10 

29-818 

29-883 

29-896   29-912 

59-0 

44-0 

NW 

11 

29-882 

29-869 

29-903 

29-965 

58-4 

49-3 

N 

11 

29-927 

29-955 

29-911 

29-89:; 

58-3 

45-4 

W 

12 

29-959 

29-930 

29-882 

29-864 

61-4 

44-0 

WSW 

12 

29-817 

29-755 

29-663 

29-611 

54-5 

43-3 

WSW 

13 

29-823 

29-836 

29-828 

29-838 

67-6 

53-6 

SW 

13 

29-550 

29-451 

29-423 

29-371 

66-8 

51-7 

SW 

14 

29-794 

29-826 

29-853 

29-841 

67-4 

59-0 

ssw 

14 

29-279 

29-450 

29-541 

29-583 

60-9 

51-1 

WSW 

15 

29-805 

29-864 

29-935 

30-015 

71-1 

56-9 

SW 

15 

29-594 

29656 

29-761 

29-896 

64-2 

49-5 

WSW 

16 

30-055 

30-072 

30-024 

30-020 

73-9 

50-4 

w 

16 

29-978 

30-044 

30-032 

30-058 

66-6 

46-5 

SW 

17 

29-958 

29-900 

29-772 

29-731 

70-3 

58-7 

N 

17 

30-035 

29-993 

29-S8G 

29-817 

66-3 

48-7 

N 

18 

29-763 

29-840 

29-851 

29-786 

66-6 

56-1 

w 

18 

29-773 

29-754 

29-754 

29-808 

59  9 

48-9 

SW 

19 

29-691 

29-830 

29-984 

30-134 

62-3 

50-4 

N 

19 

29-891 

30-012 

30-045 

30-140 

67-9 

52-1 

NE 

20 

30-178 

30-218 

30-198 

30-212 

66-3 

47-1 

N 

20 

30-171 

30-191 

30-161 

30-113 

63-8 

46-7 

WNW 

21 

30-175 

30-183 

30-147 

30-132 

68-1 

oil 

SW 

21 

30-056 

30-053 

29-998   29-922 

65-5 

54-S 

WNW 

22 

30-068 

30-061 

30-028 

30-081 

71-9 

57-8 

W 

22 

29-928 

29-925 

29-928  1  29-949 

61-7 

51-8 

w 

23 

30-106 

30-138 

30-075 

30-036 

74-2 

54-1 

W 

23 

29-955 

29-857 

29-849  I  29-801 

62-9 

52-5 

w 

24 

29-932 

29-934 

29-929 

29-988 

72-3 

550 

w 

24 

29-804 

29-844 

29-869   29-898 

60-9 

50-9 

w 

25 

30-021 

30-066 

30-065 

30-070 

69-0 

51-3 

w 

25 

29-914 

29-953 

29-938  j  29-887 

63-3 

49-5 

w 

26 

30-028 

30-025 

29-998 

29-992 

68-7 

57-0 

SW 

26 

29-770 

29-679 

29-687   29-736 

64-5 

521 

SW 

27 

29-970 

29-956 

29-902 

29-884 

68-1 

56-3 

SW 

27 

29-695 

29-667 

29653   29-619 

59-8 

51-9 

SW 

28 

29-822 

29-837 

29-855 

29-930 

70-3 

53-4 

NW 

28 

29-563 

29-587 

29-625  I  29-714 

61-0 

516 

SW 

29 

29-965 

29-996 

29-978 

29-977 

68-5 

4S-3 

SW 

29 

29-744 

29-787 

29-748   29-613 

635 

51-2 

SW 

30 

29-935 

29-922 

29-902 

29-933 

66-9 

551 

SW 

30 

29-539 

29-571 

29-556   29-538 

62-8 

535 

SW 

31 

29-922 

29-949 

29-943 

29-967 

68-9 

61-8 

SW 

31 

29-605   29-667 

29-670   29-743 

1 

66-1 

54-2 

SW 

AUGUST,  1890. 


1 

29-924 

29-864 

29-786 

29-816 

74-6 

56-4 

S 

1 

29-739 

29-766 

29-736 

29-784 

67-1 

52-9 

SW 

2 

29-869 

29-927 

29-971 

30062 

66-2 

51-9 

NW 

2 

29-822 

29-905 

29-955 

30-022 

67-6 

50-1 

W 

3 

30-102 

30-149 

30-127 

30-156 

712 

535 

W 

3 

30-040 

30-040 

30-023 

30-009 

64-7 

51-4 

SW 

4 

30-165 

30-201 

30-182 

30-211 

73-2 

55-3 

WNW 

4 

29-990 

30-009 

30-018 

30-035 

65-9 

57-8 

SW 

5 

30-201 

30-186 

30-094 

30-093 

77-3 

52-3 

S 

5 

30-043 

30-032 

29-956 

29-976 

64-5 

55-8 

SW 

6 

30-083 

30-085 

30-057 

30-089 

74-3 

53-8 

WNW 

6 

30-028 

30-059 

30-088 

30-117 

62-0 

51-2 

WNW 

7 

30-105 

30-150 

30114 

30-138 

69-6 

56-3 

ENE 

7 

30-127 

30-140 

30-115 

30-143 

66-2 

55-2 

NE 

8 

30-128 

30-113 

30-058 

30-044 

64-2 

50-8 

NE 

8 

30-155 

30-159 

30-106 

30-134 

68-0 

53-7 

ENE 

9 

30-012 

29-996 

29-937 

29-900 

66-7 

56-9 

NE 

9 

30-140 

30-137 

30-074 

30-040 

62-4 

52-0 

ENE 

10 

29-808 

29-719 

29715 

29-728 

721 

59-8 

E 

10 

29-968 

29-892 

29-797 

29-735 

66-6 

55-8 

ENE 

11 

29-661 

29-689 

29-709 

29-768 

71-4 

59-7 

WSW 

11 

29-675 

29-662 

29-680 

29-726 

62-0 

55-6 

NE 

12 

29-746 

29-753 

29-751 

29-752 

67-9 

56-7 

W 

12 

29-718 

29-700 

29-684 

29-703 

64-1 

52-8 

WNW 

13 

29-740 

29-742 

29-689 

29-720 

665 

53-6 

WSW 

13 

29-697 

29-722 

29-671 

29-641 

03-9 

51-6 

NNE 

14 

29-727 

29-757 

l'!>-7J4    29-724 

65-3 

52-1 

WSW 

14 

29-592 

29-566 

29-519 

29-427 

61-6 

51-7 

SW 

15 

29-622 

29-580 

29-646 

29-716 

68-0 

56-7 

WSW 

15 

29-185 

28-947 

29-184 

29-325 

5S-4 

50-5 

WSW 

16 

29-696 

29-692 

29-817 

29-928 

66-0 

52-2 

SW 

16 

29-370 

29-415 

29-484 

29-527 

59-7 

is-o 

WSW 

17 

29-927 

29-933 

29-881 

29-890 

69-1 

49-2 

SW 

17 

29-503 

29-595 

29654 

29-747 

61-4 

49-0 

w 

18 

29-837 

29-830 

29-783 

29-773 

68-7 

52-4 

w 

18 

29-761 

29-802 

29-804 

29-842 

616 

48-0 

WSW 

19 

29-720 

29-804 

29-826 

29-842 

58-7 

54-4 

NE 

19 

29-846 

29-850 

29-802 

29-816 

62-4 

48-0 

N 

20 

29-820 

29-865 

29-894 

29-988 

67-2 

55-8 

NW 

20 

29-708 

29-787 

63-2 

475 

SW 

21 

30-005 

30-015 

29-971 

29947 

64-7 

56-0 

SW 

21 

29:738 

29-705 

29:643 

29-721 

59-3 

47-9 

WSW 

22 

29-987 

30-066 

30-042 

29-976 

65-9 

52-2 

w 

22 

29-716 

29-742 

29-743 

29-633 

57-9 

48-6 

WSW 

23 

29-762 

29-654 

29-695 

29-734 

66-1 

50-3 

w 

23 

29-508 

29515 

29-521 

29-573 

58-0 

45-6 

WSW 

24 

29-699 

29-674 

29-646 

29-649 

64-0 

44-5 

SW 

24 

29-569 

29-548 

29-510 

29-505 

58-3 

43-0 

w 

25 

29-642 

29-642 

29-606 

29-500 

633 

43-5 

WSW 

25 

29-485 

29-457 

29-360 

29-266 

60-3 

46-4 

WNW 

26 

29-453 

29-478 

29-449 

29-385 

61-5 

48-7 

SW 

26 

29-186 

29-160 

29-161 

29-170 

55-1 

44-3 

w 

27 

29-403 

29-398 

29-377 

29-511 

62-4 

49-8 

SW 

27 

29-144 

29-181 

29-273 

29-443 

58-7 

43-2 

NE 

28 

29-604 

29-734 

29-779 

29-865 

64-9 

48-6 

NW 

28 

29-570 

29-709 

29-766 

29-835 

59-0 

43-5 

NW 

29 

29-889 

29-936 

29-908 

29-958 

61-5 

472 

N 

29 

29-840 

29-875 

29-914 

30-000 

58-1 

42-9 

N 

30 

29-968 

30-026 

30-032 

30-08S 

59-8 

41-7 

N 

30 

30-028 

30-069 

30-052 

30-095 

56-8 

44-0 

N 

31 

30-099 

30-165 

30-202 

30-277 

59-5 

40-5 

N 

31 

30-135 

30-178 

30-170 

30-183 

57-4 

40-9 

WNW 

I  HEHM0ME1  EB     ETC      ItKAD 


-l.l'l  I. Mill. I 


KKW. 

<~  a 

QLA800W 

—  a 

a  ° 

s> 

i 

P 

I  A .  'A . 

10  a.m. 

1  P.M. 

lOl'.M. 

Mux 

Miu. 

|| 

4  a.m. 

10  a.m. 

4  p.m. 

Mux 

11 

63-3 

36-9 

Si 

56-2 

45-9 

SW 

1 

30-267 

ssw 

i 

30-133 

2 

:^>-s\7 

49-2 

HW 

2 

29*964 

61-9 

WSW 

3 

30-217 

660 

52- 1 

SW 

L 

55-0 

W 

4 

30041 

90-160 

5 

5    72'4 

NW 

30-237 

64-4 

wsw 

6 

30322 

."    71-8 

NW 

6 

50-8 

w 

7 

30-417 

B 

7 

30-385 

16-7 

sw 

8 

30-432 

71-6 

SE 

8 

68-2 

9 

30-226   7J-1 

SW 

9 

30-194 

w 

10 

30167 

30-171 

_•    72- 1 

49-0 

sw 

10 

30124 

59-1 

wsw 

11 

30-142 

30137 

L5   69-7 

50-9 

w 

11 

30-114 

WNW 

12 

30-213 

:    i;s-:; 

47-0 

NNW 

12 

30181 

SO' 194 

61-8 

WSW 

13 

3Q-187 

w 

13 

30-161 

30156 

30-079 

30107 

66-5 

N  B 

14 

30166 

30167 169-1 

453 

SE 

H 

30-108 

30-090 

SW 

15 

30-074 

30-005 

30-016    72-1 

49-6 

SE 

15 

30-030 

29-964 

29861 

51-2 

SSE 

16 

29  917 

29917   73-1 

45-8 

SE 

16 

29-879 

29-825 

29-790 

67-5 

B 

17 

29-891 

29-856 

29-853   72-2 

52-2 

SE 

17 

29-757 

29-799 

29-764 

63-9 

56-5 

s 

29-884 

29-S98 

29-931  j  67-8 

56-2 

S 

18 

29-698 

29736 

29-861 

62-6 

52-8 

WSW 

19 

29-840 

s 

19 

29-814 

29-723 

17-9 

20 

29*614 

55-0 

s 

20 

29- 177 

29-441 

61-0 

SE 

21 

29-640 

29-567 

52-0 

s 

21 

29-418 

59-2 

s 

22 

29-618 

29700 

29-756 

;   64-5 

54-0 

ssw 

22 

29-379 

29-634 

60-5 

52-5 

\v 

23    29*826 

30-032   63-3 

50-5 

23 

29-789 

591 

51-5 

w  \  \v 

24    30-105 

30187 

30-215 

30-257    624 

49-3 

8W 

21 

30-018 

59-4 

48-8 

WSW 

30155    64-4 

50-1 

WNW 

25 

30-048 

575 

472 

WSW 

26    30-410 

30-415 

1  i   66-7 

493 

wsw 

26 

29-992 

30-051 

30-163 

30*218 

56-2 

WSW 

30-422 

30-326 

30-317    72-6 

560 

w 

27 

30171 

30-138 

3H-111 

60*1 

56-7 

WSW 

28    30-223 

30-215 

30112 

30-122    70-1 

547 

sw 

28 

29-967 

30-022 

29-953 

29-909 

58-4 

51-6 

w 

29    30-086 

30-082 

29-979 

29-979  61-6 

53-0 

sw 

29 

29-802 

29715 

29-530 

29-634 

54-4 

48-0 

sw 

30    29-960 

29-961 

29-859  |  6G1 

561 

sw 

30    29-616 

29-579 

29-373 

29-300 

460 

NE 

OCTOBER,  1890. 


1 

29-774 

29-739 

29-712 

29-922 

62-5 

49-2 

SW 

1 

29-243 

29-370 

29-585 

29-912 

54-4 

4?,-?. 

W 

2 

30-136 

30-315 

30-354 

30-375 

58-7 

41-6 

W 

2 

30-092 

30-208 

29-989 

52-9 

391 

WSW 

3 

30-299 

30-213 

30-232 

B4-3 

43-5 

sw 

3 

29-832 

29-835 

52-9 

BW 

4 

30-195 

30196 

30-157 

30-190 

49-2 

w 

4 

29-948 

57-9 

SW 

.-. 

30-172 

30-181 

30117 

50-6 

w 

5 

29-875 

52*9 

BW 

6 

30-065 

30-048 

64-4 

;,;;■  1 

w 

6 

29-733 

29-857 

49-5 

WSW 

7 

30-015 

29-904 

60-9 

sw 

7 

29-930 

30-140 

55-1 

NW 

30-185 

30342 

30-3S0 

30-457 

58:9 

NE 

8 

30-300 

30-414 

30-385 

37-fl 

SE 

9 

30-440 

30-461 

30-371 

30-378 

36-4 

SE 

9 

30-300 

30-253 

30-200 

30-188 

55-0 

WSW 

10 

30-34S 

30-299 

30-331 

61-0 

34-0 

SW 

10 

30138 

30)138 

30-121 

sw 

11 

30-317 

30-314 

30-366 

046 

38-4 

SW 

11 

30-103 

30-135 

30159 

30-217 

54-3 

sW 

12 

30-406 

30-382 

63-9 

37-9 

SW 

12 

30-209 

30-230 

30-200 

30213 

58-8 

50-0 

sw 

13 

30-297 

63-0 

34-4 

sw 

13 

30-196 

30-194 

30-143 

30076 

54-7 

49-8 

sw 

14 

30-216 

30-170 

30-034 

30-003 

62-4 

351 

SW 

14 

29-974 

29-912 

29-844 

29-671 

57-3 

49-0 

sw 

15 

29-8  13 

29-733 

29-599 

29-582 

56-1 

43-0 

sw 

15 

29-374 

29-395 

29-310 

29-211 

51-2 

40-7 

wsw 

Hi 

29-563 

29-642 

29-664 

29-684 

540 

52-1 

w 

16 

29-333 

29-385 

29-436 

29-651 

WNW 

17 

29-797 

29-839 

29-879 

54-0   44-8 

WNW 

17 

29-687 

29-770 

29-814 

29-919 

51  1 

43-9 

WNW 

18 

29-908 

29-987 

30-023 

30-089 

53-1 

44-0 

NW 

18 

30-024 

3H-123 

30-148 

30-205 

51  •  (• 

N 

19 

30-112 

30-171 

30-173 

30-212 

501 

44-6 

XX  w 

19 

30-210 

30-238 

30-229 

30-267 

49-9 

W 

20 

30-230 

515 

451 

N 

20 

30-199 

30-186 

30127 

30-180 

.54-0 

NNE 

21 

30-1S7 

30-266 

30-300 

30-385 

50-6 

39-3 

NW 

21 

30-177 

30-241 

30-273 

30-336 

56-2 

48-6 

WNW 

30-421 

30-509 

30-485 

30-512 

531 

38-9 

SE 

22 

30367 

30-413 

30-406 

30430 

55-3 

46-7 

WNW 

23 

30-391 

30-357 

54-0 

41-7 

NW 

23 

30-385 

30363 

30-250 

30-142 

51  0 

WSW 

24 

30-210 

30-093 

30-005 

56-2 

49-1 

WSW 

24 

29-866 

29-775 

29-774 

4V5 

WSW 

25 

29-714 

29-524 

55-2 

43-7 

SW 

25 

29-555 

29-412 

476 

w 

26 

29-476 

29-393 

45-3 

35-5 

WNW 

26 

29-432 

29-585 

33-0 

NW 

27 

29-749 

29877 

29-908 

29-980 

42-9 

30-2 

NW 

27 

29-956 

40-9 

30-0 

NW 

28 

30-013 

30-101 

30-095 

30-097 

42-7 

25-5 

WNW 

29-967 

29-772 

52-0 

29-4 

88W 

29 

30-004 

29-855 

29-S13 

56-8 

36-4 

WSW 

29 

29-514 

29-431 

29-471 

29-651 

54-6 

44-5 

W8W 

30 

29-S51 

29-942 

58-0 

N 

30 

29-801 

29-880 

29-835 

29-668 

48-6 

39-0 

W 

31 

29-S00 

29-651 

29-477 

29-478 

559 

43-8 

SSW 

31 

29-430 

29-348 

29-326 

29-490 

50-4 

44-9 

WNW 

BAROMETER.    THERMOMETER.    ETC..    READINGS.    1890. 
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NOVEMBER,  1890. 


KEW. 

GLASGOW. 

Barometer. 

Tempera- 
ture. 

I! 

Barometer. 

Tempera- 

TTRE. 

-—  a 
:  : 

gj 

-.2 

. 

■~ 

4  a.m. 

10  A.M. 

4P.S. 

10  P.M. 

Max 

Min. 

7- 

-  a 

a.m.  4  p.m.  |10p.m. 

Max  Min. 

7_       _ 
'-      - 

- 

s* 

- 

Q"S 

1 

29-563 

29-719 

29754 

29-723 

541 

NW 

1    29-590 

29647   29-556 j 29-230 

w 

2 

29-442 

29-242 

29-364 

r  \  '  t 

41-6 

28-904  29-002    .    - 

- 

w 

3 

_ 

29-544 

&-2 

39-0 

SW 

.     -_ 

29-424    29-244    - 

4    29-344 

3 

29195 

2     221 

- 

W 

- 

29-090  29-159    - 

-  . 

ESE 

5    29-365 

-       .' 

491 

40-9 

nnw 

5    29-509 

29-600  29-67^   -    727 

NNW 

-      7    ' 

.  -:    - 

29160 

•>••" 

363 

sw 

6    29-663 

29-509  29-065    . 

- 

- 

7 

--       7 

- 

_     . 

29-465 

49-5 

42  5 

w 

7    28-723 

29-109   29364    2 

7  - 

8 

29-596 

29-618 

29-485 

29332 

519 

8    29-361 

"    29-221   29-241 

ssw 

9 

29-305 

-    m 

_ 

29-569 

49*3 

_ 

w 

9    29-268 

29-334  29-31-    -      -- 

NW 

10 

29-602 

- 

29-659 

. 

43-2 

314 

w 

10    29-477 

29-536   29-433   29441 

43-4    35-8 

E 

11 

-      " 

- 

.     ■-■ 

29-656 

10-9 

34-0 

sw 

::    -   - 

_    _ 

443    372 

SE 

12 

.    "   - 

29-854 

29-856 

50-6 

29-1 

>w 

12    29-499 

29-560   29-462    . 

,7              7 

ENE 

13 

29-796 

-■---: 

29-904 

29-a53 

50-0 

35-6 

s 

13    29-559 

29-745|2 

" 

14 

30-019 

-      ' 

29961 

561 

B 

- 

------- 

53"7    38-6 

- 

15 

- 

30-lflC 

30-252 

30-291 

N 

15    29-902 

30-145   30-197 

49-7    41-1 

SW 

16 

30-254 

257 

. 

" 

S 

16    30-144 

-       ] 

44-3    36-6 

E 

17 

30-318 

30-378 

" 

30-396 

■  - 

- 

w 

17    30-199 

22 

'     -      " 

IS 

30-371 

30-395 

i  '7-7 

.    -4    - 

54-4 

- 

18 

30-0W 

30-213   30-243 

51-6    4-5-3 

19 

30-446 

30-433 

30-450 

5.51 

515 

WS"W 

19 

30190   30-2w 

43-6 

SW 

20 

30436 

7 

30-436 

30-396 

55'1 

50-1 

w 

. 

30-258 

,    .            159  30-07 

53-3 

44-6 

21 

3  ■;•:•- 

_   _ 

22 

30-100 

53-2 

sw 

21 

29904 

.    -   . 

516 

40-4 

22 

30-123 

30036 

29-806 

50-7 

41-0 

wsw 

22 

29-799 

-    "   -    29-489   29-399 

51-3 

41-4 

23 

29-647 

29-580 

29-443 

29-354 

"- 

49-8 

w 

. 

29  370 

29-311    29-169   29119 

50-3 

39-5 

24 

..-:•.- 

_     27 

29517 

29618 

5.5-0 

352 

NNW 

24 

29-2  3 

29-431    29-49 

41-2 

34-5 

25 

29-620 

29-709 

29-941 

41-7 

N 

25 

29615 

-      -"                          . 

41-4 

ENE 

26 

30-029 

30109 

30-098 

30-086 

34T 

255 

N£ 

26 

3i5-226 

_ 

27 

' 

29952 

29903 

29-907 

23-2 

N 

27 

30-194            "           ■-      - 

23-4 

w 

28 

29911 

29-976 

30-015 

30-092 

2.5-5 

215 

NE 

.- 

30177 

30-2071 30-165 '  301S1 

25-8 

NW 

29 

30-096 

30134 

3  1-168 

30-251 

33-1 

21-6 

N 

29 

30-148 

30-14:3                          "74    310 

ESE 

30 

30310 

30375 

30-353 

30-355 

37-2 

215 

N 

30 

29911 

29-866 

29-819  i 2 

EfW 

DECEMBER,  1890. 


1 

30-251 

30-179 ' 

29-999 

29-900 

25  5 

- 

1 

29-805 

29-790 

29-752 

29745 

"-- 

SW 

- 

29-771 

29-775 

: 

303 

E 

2 

29-705 

29-715 

29-657 

443    WNW 

3 

29-716 

29-704 

29-690 

-     "   -      ■ 

34-4 

E.~E 

3 

89-802 

-     ■" 

- 

NE 

4 

29-687 

881  g 

89-68  ■ 

29-760 

43-S 

361 

NE 

4 

30-005 

30-016 

----- 

NE 

5 

29-786 

29-815 

29-811 

29-859 

- 

5 

29-943 

29963 

29-984 

30043 

7 

E 

6 

.      ■ 

30-013 

30-072; 

39-1 

360 

E 

6 

3      -7 

30142 

30-150 

30-203 

*o-o 

35-5 

ENE 

7 

30-092 

3U-117 

30-064 

30043! 

33-9 

E 

7 

30-196 

30-186 

30-130 

12 

40-0 

E 

8 

29-973 

29-939 

29-911 

29-934 

35-4 

311 

E 

8 

30-088 

30-  62 

-      " 

29949 

- 

34-1 

9 

29-957 

90-  MS 

30-039 

v-  95 

.-  - 

NNE 

9 

29-916 

29-999 

30-017 

30-083 

to-i 

. 

SE 

10 

30-115 

30-190 

30-172 

30-205 

2-7 

NNE 

10 

30-113 

30149 

30105 

30"  169 

391 

32-6 

11 

30182 

30173 

30-107 

30-094 

331 

24- 

SNE 

11 

30-019 

30007 

.  ■   -  . 

30-011 

■   '2 

361 

NE 

12 

30-085 

30-128 

30111 

30-124 

22-9 

E 

12 

-' 

.  ■■  7- 

30-080 

30-084 

38-1 

ENE 

i  w 

30-088 

30-086 

30-023 

30-022 

16-4 

NE 

13 

29992 

. 

29-894 

14-1 

- 

ENE 

14 

30010 

30-050 

30-009 

29-985 

21-5 

167 

NE 

14 

-      -- 

29-951 

-■-■:- 

29  803 

40-6 

SSW 

15 

-•-.- 

29-735 

29-6*3 

-    72 

31-2 

21-2 

NE 

15 

-     "- 

-    " 

.    72 

29-854 

43-2 

351 

NE 

16 

29767 

-     ' 

29-752 

-    11 

31-2 

. 

E 

16 

29-859 

2>-    ' 

-■■--■-- 

29-910 

38-1 

350 

E 

17 

39-781 

29-864 

29-894 

2  -.-,- 

32-0 

24-4 

N 

17 

29-914 

-      57 

.  1-94 

.  'V    - 

■-■2 

SE 

-•■--- 

29-854 

29681 

29*488 

30-9 

251 

NE 

18 

29-514 

29-357 

33-6 

19 

29-240 

29-217 

29-354 

29-541 

29-5 

2£ 

E 

19 

29-251 

29-2.57 

29-337 

30-9 

- 

29-651 

-■■'.    ■ 

33-7 

15"5 

20 

29-637 

-     772 

89-884 

" 

356 

-    ■ 

21 

30117 

30-271 

30-299 

30-349 

NE 

21 

30179 

27 

- 

- 

22 

30-340 

30-337 

- 

30154 

271 

NE 

_ 

_     - 

- 

23 

30-038 

30-012 

30-009 

32-1 

ENE 

23 

29-729 

29-763 

-    - 

' 

43-9 

sw 

24 

30-242 

30-346 

•329 

30-362 

321 

. 

E 

- 

27 

30-237 

- 

27 

NE 

25 

30-311 

30-322 

30-248 

292 

2i"2 

BBS 

. 

3  1-059 

30-061 

.     -- 

SW 

26 

3     _:- 

30-314 

O-302 

340 

-     - 

E.-E 

. 

30-340 

38-8 

33-2 

27 

30-306 

30-301 

30-188 

33-2 

.     - 

NNE 

30-383 

30-371 

345 

ENE 

28 

30-180 

30-172 

30-164 

W182 

329 

25-9 

NE 

28 

24 

30-248 

- 

ENE 

- 

1  "-  7 

30-227 

30-175 

30-180 

32-8 

.    - 

NE 

29 
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II.— NOTES  OF  PAPERS  ON  THE  WORKING  OF  MINKS,  METALLURGY 
l.iv,  FROM  THE  TRANSACTIONS  OF  FOREIGN  SOCIETIES  AND 
FOREIGN    PUBLICATIONS. 


COAL-MINING    IN    Nona   SCOTIA. 

By   B.  GiM'iN.  Jun.      The   Colliery   Engineer   (Scranton,  Pennsylvania),   1889, 
Vol.  i-.,j)j>.  3-5,  '/«'/  three  figures. 

In  working  the  Pictou  main  seam,  laying  al  an  angle  of  1  in  3,  ami  having  a 
thickness  of  38  feet,  levels  are  burned  right  and  lefl  from  the  pit,  and  gate-roadfl 
are  driven  uphill  at  half  the  angle  of  the  seam  every  50  yards.  Six  bonis,  18  feet 
wide,  are  turned  away  as  the  gateways  go  up,  parallel  to  the  levels,  and  leaving 
pillars  8  or.  10  yards  thick.  These  bords  are  12  to  15  feel  high.  Rails  are  laid  up 
the  gate-roads  and  bords,  by  which  the  tubs,  carrying  12  bushels,  are  drawn  by 
horses  to  the  faces  of  the  workings  and  taken  down  to  the  level.  In  working  the 
lower  portion  of  the  seam,  the  same  gate-roads  are  driven  level  until  the  bottom  of 
the  seam  is  reached,  and  then  continued  as  before.  The  second  lift  of  15  to  20  feet 
in  thickness  is  taken  out  in  regular  open-cast  work,  in  the  old  bords  already  worked 
in  the  top  section.     The  pillars  arc  all  crushed  and  lost. 

In  another  mine  an  incline,  10  feet  square,  is  driven  from  the  level  to  the  full 
rise  of  the  seam  for,  say,  450  feet,  parallel  places  being  also  driven  for  air-ways  at 
the  same  time,  and  of  smaller  dimensions.  Double-way  of  2-feet  gauge  is  laid  in 
each  "  balance,"  upon  one  of  which  a  carriage  is  placed  to  carry  the  tubs  and  a 
balance  tub  on  the  other,  connected  by  ropes  to  a  suitable  drum  with  breaks  at  the 
top  of  the  incline.  The  balances  are  usually  about  150  yards  apart.  The  pillar 
above  the  level  is  left  50  feet  thick,  and  the  bords,  15  to  18  feet  wide  and  12  to 
15  feet  high,  start  from  the  balance  and  run  level  ;  cross-cuts  are  driven  for  air  at 
intervals  of  <i0  feet. 

Where  the  angle  of  the  seam  exceeds  25  degs.  two  other  systems  are  in  use.  In 
one,  the  track  in  the  balance  is  abolished,  and  the  coal  tubs  are  emptied  into  the 
balance  itself,  and  the  coal  runs  on  the  floor  or  in  a  shoot  of  iron  sheets,  and  is  filled 
into  tubs  on  the  level  by  means  of  spouts.  In  the  second  system  the  bords  are 
driven  on  the  full  rise  of  the  seam  from  the  level  and  a  shoot  laid  in  each  one. 

In  the  flatter  seams  the  ordinary  systems  of  working  are  adopted  generally. 

M.  W.  B. 


A    NEW   METHOD   OF    MINING    ANTHRACITE. 

By  W.  S.  Gkesley.  The  Engineering  and  Minimi  Journal  {New  York),  1889, 
Vol.  xlviii.,  pp.  136-140,  and  eight  figures.  Also  the  Colliery  Engineer 
(Scranton,  Pennsylvania),  18S9,  Vol.  ■'■.,  pp.  32-35,  and  eight  figures. 

The  new  system  is  thai  of  long  wall  withdrawing,  and  consists  of  mining  out  the 
entire  seam  or  series  of  seams  of  coal  or  other  minerals  in  one  ever-advancing,  broad, 
and  continuous  face  or  series  of  faces,  commencing  at  the  most  convenient  lowest 
point  of  the  tract  to  be  worked  and  mining  all  out  upward  on  the  pitch  in  the 
direction  of  the  shafts,  tunnels,  or  other  openings  from  the  surface.  The  course  or 
lines  of  the  working  faces  being  kept  nearly  on  the  strike,  or  at  right  angles  to  the 
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dip  of  each  and  every  seam  or  bed.  Thus  as  soon  as  the  tract  or  section  of  the 
mine  intended  to  be  so  worked  has  been  suitably  laid  out  with  slopes,  air-ways,  etc., 
coal-getting  commences  all  along  the  line,  and  on  the  level  course  at  the  deepest  or 
furthest  point  inside,  and  in  as  many  seams  or  splits  of  the  seam  as  thought 
desirable.  Mining  is  regularly,  quickly,  and  vigorously  carried  on,  keeping  the 
faces  or  walls  nearly  parallel  to  one  another,  and  of  course  ascending  just  as  fast  as 
the  coal  is  mined  out  and  removed  and  the  refuse  thrown  behind.  All  coal  is 
mined  at  one  operation,  each  bed  or  seam  being  worked  a  short  distance  in  advance 
of  the  upper  ones,  and  no  pillars  are  required  to  be  left.  Communications  are 
made  between  the  various  seams  by  cutting  away  the  dividing  slates,  etc..  at  the 
foot  of  the  slope,  as  well  as  at  the  other  suitable  points  inside  on  either  hand. 
Through  these  short  tunnels  or  flats,  the  coal  from  the  back  or  higher  seams  is 
brought  out  and  hoisted  along  with  that  cut  in  the  front  or  lower  seam  or  seams,  if 
several  are  worked  in  advance  of  the  flat.  M.  W.  B. 


COAL-MEASURES  IN  THE  ARGENTINE  REPUBLIC. 
Ln  furiii/iriiiii   carbonifera  de  In  Republica  Argentina.     Bij  Dr.  C.  BERG.     Analcx 
de  In  Sociedad  Corvtifica  Argentina,  1891.  Vol.  xxxi.,  pp.  209-212,  and  Vol. 

■r.r.rii..  pp.    68-71. 

Plant  remains  were  discovered  in  the  coal-mines  near  Retamito,  in  the  province 
of  San  Juan,  by  Padre  Ferd.  Meister,  and  sent  by  him  for  determination  to  Dr. 
Szajnocha  of  Cracow.  The  last-named  savant  referred  them  to  several  species  of 
Lepidodendron,  Catamites,  Cordaites,  and  Rhaeopteris  (Lower  Kulm).  but  he 
remarked  that  the  specimens  were  in  bad  preservation. 

The  second  paper  on  this  subject  is  chiefly  taken  up  with  a  discussion  of  the 
various  claims  to  priority  of  the  discovery  of  true  Coal-measures  in  the  Argentine 
Republic.  O.  S.  E. 


A  GOLD-FIELD  IN  THE  SOUTHERN  URALS. 

Ein  interessantes  Goldvorbommen  imSudlichen  Ural.    By  R.  Helmhacker.    Berg- 

mid  Huettenmtennische  Zeitwng,  1892,  Vol.  //.,  pp.  95  and  96. 

The  country  between  the  central  Ural  range  and  the  river  of  the  same  name  in 
the  Verchneuralsk  and  Orsk  districts  contains,  amongst  other  geological  rarities, 
some  curious  veins  containing  gold. 

Running  in  the  direction  of  the  mountain  range  are  clefts  containing  fine- 
grained diorite,  which  in  their  turn  are  traversed  by  thin  veins  of  quartz  thinly 
impregnated  with  gold.  The  quartz  veins  are  each  separated  from  the  diorite  by  a 
layer  of  sandy  slate,  of  about  the  thickness  of  stout  drawing  paper,  which  appears 
to  be  the  true  home  of  the  gold,  and  the  depth  of  the  gold-bearing  stratum  is 
co-extensive  with  this  vein  formation. 

As  in  other  districts,  the  occurrence  of  gold  is  very  irregular,  but  in  places  the 
yield  is  as  much  as  from  f  to  1  per  cent.  In  exceptional  cases  the  yield  reaches 
10  per  cent.,  or  even  more. 

Under  a  blow  from  a  heavy  hammer  the  diorite  at  the  outcrop  will  split  into 
thin  layers  at  right  angles  to  the  direction  of  the  quartz  veins.  The  diorite  blocks 
thus  separated  are  lifted  out,  and  the  parts  of  them  adjacent  to  the  gold-bearing 
slaty  layer  are  worked  in  the  trough. 

A  similar  stratification  was  to  be  seen  in  the  Jilove  Mine,  on  the  Sazava,  in 
Bohemia,  but  the  workings  are  now  abandoned,  and  their  yield  of  gold  cannot  be 
ascertained.  A.  R.  L. 

VOL.  XL.-1890-91.  W 
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BRINE   AND   NATURAL   GAS    IN   SZE-CHUAN. 

Les  salines  ei  les  puits  de  feu  do  la  Province  du  Se-Tehoan.     By  Fathbb  Louie 
Coldre.     Armales  des   Mines,    1891,  Series  8,    PW.  aim.,  pp.    Ul-628,  and 

Plates  xiii-xv. 

At  the  outset  of  this  paper  a  rte^  ia  given  of  the  Chinese  weights,  .... 
and  coinage,  with  the  calculated  equivalent  of  the  two  former  in  the  metric  system 
The  utility  of  the  remmd  is  apparent  when  one  notes  Low  the  units  of  measurement 
vary  from  one  province  of  the  Celestial  empire  to  the  other. 

After  a  brief  mention  of  the  official  Great  Book,  or  Yen-fa-chc,  of  the  Sze-<  Ihuan 
salt  works,  a  lahorious  compilation  filling  twenty  huge  tomes,  the  authoi   sketches 
the  physiography  of  the  region.    Sze-Chuan  is  one  of  the  largest  and  most  moun- 
tamous  provinces  i„  the  Chinese  empire.     It  forms  the  drainage-area  of  the  upper 
portion  of  the  Blue  River,  which  flows  from  west  to  east  through  the  province 
Westward  it  is  shut  off  from  the  Thibetan   table-land   by  a  range  of  nigh  peaks 
covered  with  eternal  snows;  northward  and   eastward  it  is  also  barred  by  great 
mountain  ranges,  which  are  made  up  of  granite,  Palaeozoic  limestone,  millstone  grit 
and  Carboniferous  and  Liassic  sandstones.     The  centre  of  the  province,  the  leas! 
mountainous  portion,  is  made  up  of  Tertiary  freshwater  sandstones,  some  of  whirl, 
are  hard  enough  to  make  good  grindstones  and  paving-stones.     Borings  have  .lis- 
closed  the  presence,  immediately  beneath  the  Tertiaries,  of  Bunter  sandstones  and 
marls,  and  in  juxtaposition  with  this  may  be  placed  the  fact  that  the  only  mineral 
wealth  of  this  central  district  of  the  province  is  its  salt.    Politically,  the  province  is 
divided  into  four  governments,  north,  south,  east,  and  west— Chuan-pe,  Chuan-lan 
Chuan-tong,  and  Chuan-si.     In  the  southern,  or  Chuan-lan,  government  are  the 
most  extensive  salt  works  and  the  most  abundant  wells  of  natural  gas  (ho-szin  = 
fire-wells).     Altogether,  there  are  about   10,000  brine  springs  in  Sze-Chuan,  with 
a  daily  yield  ranging  from  an  insignificant  amount  to  a  really  enormous  quantity 
The  total  annual  salt  production  is  estimated  at  812,000  metric  tons,  value  on  the  Bpoi 
£5,600,000.     By  the  time  the  salt  reaches  the  consumer  the  price  is  trebled  •  this  is 
accounted  for  in  part  by  the  heavy  Imperial  salt-tax  and  the  difficulties  of  transport 
According  to  Chinese  custom,  certain  districts  have  a  government  monopoly  for 
salt  production,  but  enterprising  individuals,  who  chance  to  tap  brine  springs  out 
of  the  privileged  region,  sometimes  set  the  monopoly  at   defiance   by   wholesale 
bribery  of  the  government  officials.     The  original  possessors  of  the  monopoly  have 
recourse  to  the  same  chinking  arguments,  and  the  mandarins  ultimately  decide  in 
favour  of  the  party  with  the  longest  purse  and  the  most  open  hand.     Contests  of 
this  nature  are  often  carried  on  between  town  and  town. 

The  author  selects  for  lengthy  description  the  brine  springs  an, I  evaporating 
works  of  the  Fu-Shuen  district.  The  borings  here  are  very  deep,  averaging  2.000 
feet,  the  shallowest  being  650  feet,  and  the  deepest,  which  has  proved  barren's,,  far. 
3,500  feet.  The  methods  of  working  are  very  primitive  and  are  characterized  by 
extreme  slowness. 

It  is  interesting  to  note  that  the  most  productive  brine  springs  are  not  tapped  as 
might  be  supposed,  near  the  top  of  the  Trias,  but  low  down  just  above  the  Car- 
boniferous; whilst,  on  the  other  hand,  wells  of  natural  gas  have  been  struck  before 
meeting  with  any  coal  deposits.  In  Fu-Shuen  this  natural  gas  is  used  as  fuel  tor 
the  salt-pans,  but  in  other  districts  wood,  straw,  and,  more  rarely,  coal,  are  used. 

The  author  notes  the  influence  of  atmospheric  changes  on  the  jets  of  -as  from 
the  shallower  wells.  If  the  sky  is  .dear  and  the  weather  calm  the  gas  jet  appears 
to  become  more  powerful,  whilst  in  misty  or  windy  weather  the  jet  diminishes  or 
even  sometimes  stops  altogether  for  a  time. 


TRANSACTIONS   AND   PERIODICALS.  161 

Two  of  the  plates  illustrating  the  paper  and  representing  graphically  the  various 
processes  of  boring,  evaporating,  etc.,  were  executed  by  a  Chinese  draughtsman. 

O.  S.  E. 


REPORT  ON  THE  COAL  OUTCROPS  IN  THE  SHARIGH  VALLEY, 
BALUCHISTAN. 

By  W.  King.     Records  of  the  Geological  Survey  of  India,  1889,   Vol.  xxii.,  pp. 

149-153. 

Outcrops  of  coal  are  found  at  Mudgorge  Railway  Station,  Dirgi  Station,  Khila 
Hakim  Khan,  Khost,  Hagi  Kats.  Khila  Ali  Khan,  Sharigh,  one  good  though  thin 
seam,  consisting  of  two  layers  of  coal,  the  upper  10  inches  thick,  with  band  of  shale, 
2  to  16  inches,  and  lower  coal  16^  inches.  M.  W.  B. 


THE  CHERRA  POONJEE  COAL-FIELD  IN  THE  KHASlA  HILLS  (INDIA). 

By  Tom  D.  La  Touche.    Records  of  the  Geological  Survey  of  India,  1889,  Vol.  xxii., 

pp.  167-171,  and  one  plan. 

The  coal  of  Cherra  Poonjee  occurs  near  the  top  of  an  isolated  ridge.  A  bed  of 
limestone  75  feet  thick  forms  the  base  of  the  ridge,  and  upon  it  rest  several  beds  of 
vimlstone  and  shale  containing  one  seam  of  coal  about  10  feet  above  the  limestone. 

The  seam  varies  from  3  feet  to  9  feet,  with  a  total  available  quantity  of  1,184,369 
tons  of  coal.  M.  W.  B. 


THE  LAKADONG  COAL-FIELD,  JAINTIA  HILLS  (INDIA). 

By  Tom  D.  La  Touche.     Records  of  the  Geological  Survey  of  India,  1890,  Vol. 

xxiii..  pp.  14-17,  and  two  plan*. 

The  Lakadong  coal-field  is  situated  on  the  southern  edge  of  Jaintia  Hills.     Coal 
is  found  near  the  top  of  several  plateaus. 

The  Umloto:lo  plateau  contains  a  seam  of  coal  ranging  from  nil  up  to  10  feet 
thick ;  taking  the  average  section  at  2  feet  the  coal  available  is  about  853,000  tons. 

The  Umat  plateau  seam  varies  up  to  4  feet  thick,  and  may  contain  311,000  tons 
of  coal. 

The  coal  is  very  similar  to  the  Cherra.  M.  W.  B. 


THE  COAL-FIELDS  OF  LAIRUNGAO,  MAOSANDRAM,  AND  MAOBELAR- 
KAR,  IN  THE  KHASI  HILLS  (INDIA). 

By  TOM  D.  La  Touche.     Records  of  the  Geological  Surrey  of  India,  1890,   Vol. 
sexiii.,pp.  120-124  and  three  plan*. 

The  Lairungao  coal-field  is  situated  about  7  miles  from  Cherra,  and  the  coal 
is  very  similar  to,  but  not  so  good  as,  that  of  the  Cherra  Punji  coal-field.  Taking 
the  average  thickness,  there  will  be  about  1,000,000  tons  of  coal. 

The  Maosandram  coal-field  occupies  the  summit  of  three  small  hills.  There  is 
one  seam  attaining  a  maximum  thickness  of  about  7  feet,  but  taking  the  mean 
thickness  there  are  63,000  tons  available. 

The  Maobelarkan  coal-field  is  smaller  than  the  last.  The  Coal-measures  appear 
to  have  been  deposited  in  a  small  bay  hollowed  out  of  the  older  quartzites.  One  seam 
of  coal  is  found,  ranging  up  to  9  feet  thick,  containing  about  52,000  tons. 

M.  W.  B. 
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COM,    IX    NEW    CALEDONIA. 

Lis   Mines  do  Houille  de  la  Nouvelle-CalSdonie.     By    -  POBTE,     Le  OSnie  Civil, 
L889J  Vol.  xv.,pp.  150,  LSI. 

The  tirst  district-  is  rich  in  coal,  which  is  found  at  ten  places.  Near  Mont  D'Or, 
coal  is  found  al  N'De,  and  Bully  Colliery.  Two  pits  arc  sunk,  and  at  a  depth  of 
60  feet  a  Beam  is  found  about  20  feet  thick.  The  quality  is  satisfactory,  the  seam 
is  vciv  regular,  and  exists  over  a  Large  area.  An  anthracite  scam  is  worked  al 
Treizieme  Colliery.  The  Sainte-C6cile  Colliery,  near  Portes-de-Fer,  is  one  of  the  best 
in  the  colony,  the  seam  being  about  50  i'eet  deep.  A  smithy  coal  is  wrought  at  the 
Tisonier  Colliery.  Coal  is  also  worked  at  Brigitte,  Karigou,  Collignon,  Carignan, 
and  Guerriere  collieries,  and  outcrops  arc  found  at  Boutan,  Katiramona,  etc. 

In  the  second  district  coal  is  less  abundant.  Rousseau  colliery  is  surrounded 
with  bills  containing  seams  of  3  feet,  2  feet,  and  H,  feet  thick.  A  seam,  in  two 
beds,  of  5  feet  and  2  feet,  is  found  at  Aoua.  Two  pits  are  sunk  at  the  Loyalty 
Colliery.     Outcrops  arc  found  at  Me  Ainele,  Thia  and  Focola,  Dogny,  Momea,  etc. 

A  single  outcrop  of  coal  is  found  at  Oua-Te  in  the  third  district. 

Two  outcrops  are  found  in  the  fourth  district,  at  Koniambo,  and  Voh.  where  the 
seam  is  over  3  feet  thick. 

It  is  considered  that  the  colony  should  soon  supply  12,000  tons  per  annum, 
imported  from  English  colonies,  and  22,000  tons  per  annum  for  steamers,  now 
bought  at  Sydney. 

The  mines  being  near  the  sea,  the  coal  should  not  cost  more  than  12s.  6d.  per 
ton  f.o.b.,  which  might  be  reduced  to  10s.  per  ton.  Australian  coal  is  sold  for  28s. 
per  ton. 
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M.  W.  B 
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THE  ANNINA  COAL-FIELD  IN  SOUTHERN  HUNGARY. 

Bus  Anninaer  LiaskoMen  Revier  iin  Banate  {SUA   Ungarn).       Gluckauf,  1891, 
Vol.  xxvii.,pp.  569-571. 

This  coal-field  is  situated  in  the  Banate.  in  the  county  of  Kratscho,  south-east  of 
Temesvar.  Here,  above  the  red  sandstone  of  the  Permian,  appear  coal-bearing 
Liassic  sandstones,  overlain  by  oil  shales  and  thin  bands  of  ironstone.  Twelve  coal- 
seams  are  known,  but  only  four  are  extensively  worked.  The  main  seam  varies 
between  3|  and  12  feet  in  thickness.  The  beds  are  tilted  at  high  angles,  and  there 
is  much  faulting,  while  in  many  places  the  coal  has  been  coked  by  melaphyre 
intrusions.  The  Annina  gas  and  coking  coals  are  the  best  in  Hungary  ;  they  are  of 
anthracitic  character,  and  weather  very  slowly  indeed.  Mean  specific  gravity  is 
1*42  ;  percentage  of  ash  is  3-3  to  70  ;  and  percentage  of  carbon  is  641  to  671. 

Seven  shafts  (quadrangular  in  section,  with  wooden  tubbing)  have  been  sunk  in 
the  district  to  depths  varying  between  135  and  230  fathoms.  Fire-damp  is  sometimes 
found  in  some  of  the  pits,  and  therefore  safety-lamps  (Wolf  benzine)  are  used. 
When  the  overmen  examine  the  workings  for  gas  they  use  the  Pieler  lamp.  Four 
large  pumping  stations  are  constantly  at  work,  and  ventilators  on  the  Guibal  and 
Felzer  system  are  fitted  up  at  the  pits.  Between  2,600  and  2,800  work-people  are 
employed,  working  12-hour  shifts  above  ground  and  8-hour  shifts  below.  No  lads 
under  14  years  of  age  are  employed.  Villages,  stores,  hospitals,  and  schools  have 
been  built  expressly  for  the  miners  ;  moreover,  sick  and  accident  funds  and  old-age 
pension  funds  are  contributed  to  alike  by  the  colliery  company  and  the  men. 

The  coal -production  in  1890  amounted  to  about  270,000  tons. 

O.  S.E. 


THE  FIRE-DAMP  EXPLOSION  AT  CAMPAGNAC. 

Note  8ur  le  coup  de  grisou  surverm  a  la  mine  de  Campagnac.    By  —  Bernard. 
Annates  ties  mines,  1891,  Series  8,  vol.  xix,,pp.  166-214  and  Piatt  vi. 

The  explosion  of  fire-damp,  which  occurred  at  the  colliery  of  Campagnac 
(Aveyron),  at  midnight,  November  2-3,  1888,  cost  forty-nine  persons  their  lives. 

The  coal  worked  there  forms  one  great  mass,  striking  north  and  south,  dipping 
22°  west,  and  attaining  a  thickness  stated  at  65  feet.  It  is  disturbed  by  a  longitu- 
dinal fault,  which  forms  the  roof  in  the  higher  part  of  the  workings,  and  is  seen  to 
form  a  wall  at  the  lower  levels. 

Fire-damp  is  abundant  in  the  pit,  but  irregular  in  its  mode  of  occurrence. 
:' Damp  blowers"  are  frequent,  but  "dry  blowers"  less  so.  Safety-lamps  of  the 
Cosset-Dubrulle  type  were  used  throughout  the  workings,  and  ventilation  was  effected 
by  means  of  a  Farcot  ventilator,  which  at  about  100  to  110  revolutions  forced 
800  cubic  feet  of  air  through  per  second.  The  author  gives  a  detailed  account  of 
the  salvage  operations,  which  were  attended  with  considerable  difficulty.  All  the 
bodies  were  recovered  ;  many  were  much  disfigured  and  burnt. 

In  discussing  the  probable  cause  of  the  disaster,  he  points  out  that  blasting  with 
powder  was  not  practised  in  the  lower  levels  of  the  mine  ;  further,  that  the  lamps 
found  near  the  bodies  of  the  victims  showed  no  traces  of  having  been  tampered 
with. 

But  it  is  then  shown  that  the  Cosset-Dubrulle  lamp,  which  has  a  much  shorter 
and  wider  chimney  than  the  Mueseler  type,  is  untrustworthy  in  the  case  of  an 
explosive  wave  advancing  with  a  rapidity  of  about  10  feet  per  second.     This  lamp 
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may  therefore  be  regarded  as  a  secondary  cause  of  the  disaster  :  the  (lame  from  the 
lamp  set  fire  to  the  gases,  which  burning  incompletely  left  a  thick  layer  of  sool  on 
all  the  surfaces  that  they  travelled  over. 

Comparative  experiments  made  by  M.  Bernard  with  the  Cosset-Dubrulle  lamp 
and  the  Mueseler  lamp  confirmed  his  conclusions  thus  far.  A-  to  the  primary 
cause  of  the  disaster,  the  belief  that  it  was  due  loan  abnormal  outburst  of  fire-damp 
was  confirmed  on  .January  30th,  1889— nearly  three  months  afterwards— by  the 
occurrence,  on  hewing  away  the  coal  at  the  presumed  starting  point  of  the  explosion, 
of  an  exceptionally  violent  blower. 

Since  then,  Marsaut  lamps  alone  have  been  used  in  the  mine,  and  they  are 
provided  with  special  locks.  The  French  Government  have  prohibited  the  use  of 
so-called  ••bastard  Mueseler  lamps,"  to  which  the  Cosset- Dubrullc  type  may  be 
referred.  Shot-firing  in  the  lower  levels  is  stringently  forbidden,  and  is  only 
allowed  in  the  higher  levels  with  special  fuzes  and  safety  explosives.  The  ventilation 
has  been  entirely  modified,  and  continuous  minute  observations  are  made  of  the 
state  of  thi'  air  in  all  parts  of  I  he  mine.  The  regulations  altogether  have  been  made 
more  rigorous.  O.  S.  E. 


THE  EXPLOSION  AT  LA  MACHINE  COLLIERY  (NIEVRE). 

Note  sur  V accident  de  La  Machine  QJYievre').    By  —  Laurent.    Annates  des  Mines, 

1891,  Series  8,  vol.  xix.,  pp.  396-430,  and  Plates  .ri..  xii. 

On  February  18th,  1890,  at  about  2-30  p.m.,  two  shots  were  fired  with  black 
powder  in  the  Marguerite  Pit.  Almost  immediately,  the  men  who  had  fired  the 
shots  found  themselves  surrounded  by  flames  that  swept  onward  through  the  drift, 
together  with  a  rush  of  poisonous  gases.  Thirty-five  men  were  killed  on  the  spot, 
and  eight  more  succumbed  to  the  injuries  they  had  received  within  three  days  after 
the  accident.  In  most  cases  the  immediate  cause  of  death  was  carbon  monoxide 
poisoning. 

The  La  Machine  Colliery  works  the  entire  coal-field  of  Decize.  In  it  faults, 
some  of  pre-Permian  and  some  of  post-Jurassic  age,  are  fairly  numerous,  and 
nippings-out  are  extremely  numerous.  Since  the  time  when  the  colliery  was  started, 
at  the  beginning  of  the  present  century,  no  outburst  of  fire-damp  has  been  recorded 
there,  and  there  is  now  accumulated  evidence  to  show  that  the  recent  disaster  was 
due  to  the  inflammation  of  coal-dust. 

The  dynamical  effects  of  the  explosion  were  small.  All  that  part  of  the  workings 
where  the  flames  burst  out  was  subsequently  found  to  be  coated  with  very  fine  dust 
and  soot  (though  observations  previous  to  the  accident  had  shown  that  the  mine 
was  not  a  particularly  dusty  one).  On  the  timber  were  crusts  of  coke  of  varying 
thickness,  and  further  away  from  the  actual  locus  of  the  explosion  there  were  more 
isolated  deposits  of  coke,  as  if  there  had  been  a  local  recrudescence  in  the  combus- 
tion of  the  coal-dust. 

It  is  believed  that  one  shot  was  fired  before  the  other.  The  gases  produced  by  the 
first  one  raised  a  cloud  of  excessively  fine  dust  from  the  small  coal  which  covered 
the  floor  of  the  workings,  and  set  fire  to  the  dust.  Almost  immediately  afterwards, 
the  gases  from  the  second  shot  swept  through  the  mixture  of  hot  air  and  burning 
dust,  and  raised  a  little  farther  onward  another  cloud  of  coal-dust.  The  expansion 
of  the  gases  and  the  volume  of  the  flames  must  have  been  considerably  increased  by 
this  superposition,  as  it  were,  of  causes. 
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The  following  is  an  analysis  of  coal  taken  from  the  workings  where  the  accident 
occurred  : — 

Per  Cent. 

Carbon      79-65 

Hydrogen 4-83 

Oxygen     ...  ...  ...  5*58 

Nitrogen -87    }   +  7-91  per  cent,  of  ash. 

Sulphur 116 

92-09 


The  percentage  of  volatile  matter  is  32. 

The  percentage  of  volatile  matter  in  the  crusts  of  coke  referred  to  above  was 
found  to  vary  between  13  and  19. 

The  mine  was  very  dry  at  the  time  of  the  accident.  Naked  lights  were  and  are 
used  there.  Grisoutine  B  is  now  used  at  La  Machine  for  shot-firing  instead  of 
powder.  0.  S.  E. 


THE   COLLIERY  EXPLOSION   AT    POLNISCH-OSTRAU. 

SeMagwetter-JSxplosion  am  DreifaltigJteit~Schachte  in  Polnisch-Ogtrcvu.  By  Joh. 
Meyer.  OesierreichiscAe  Zeitsch rift  fiir  Berg-  und  Eilttenivcscn,  1891,  Vol. 
.r.r.ri.,-..  pp.  285-293,  297-302,  311-316,  and  323-327,  Plate  ix. 

At  10'30  a.m.,  on  January  3rd,  1891,  at  the  "Trinity  Shaft,"  Polnisch-Ostrau,  a 
fire-damp  explosion  took  place  whereby  61  men  lost  their  lives.  This  pit  belongs  to 
Count  Wilczek,  and  works  the  lowest  seams  of  the  Ostrau-Karwin  coal-field.  These 
seams  give  off  on  the  whole  little  gas,  for  the  Coal-measures  crop  out  over  a  large 
extent  of  country,  and  are  not  overlain,  as  elsewhere,  by  impervious  shaly  beds.  Nine 
seams  are  worked  in  the  Trinity  Pit,  by  650  to  680  men — two-thirds  working  by 
day  shift  and  one-third  by  night  shift  (10  hours).  The  lowest  horizon  worked  is  at 
a  depth  of  123  fathoms.  Here,  the  so-called  Thick  Seam  (12*5  feet),  the  richest  of 
all  in  gaseous  contents,  is  struck  for  the  third  time,  and  here  it  was  that  the 
explosion  arose,  probably  caused  by  the  misfire  of  a  blasting  shot.  The  coal  of  the 
Thick  Seam  is  rather  hard  in  the  regularly  bedded  portions,  but  elsewhere  it  is  soft 
and  can  be  easily  won  without  shot-firing.  Shots  are  fired  in  this  seam  with 
Lauer  friction  fuzes  only,  and  they  use  what  is  termed  the  ''hollow  loading" 
system.  In  all  parts  of  the  pit  which  are  free  from  gas  and  coal-dust  the  use  of  the 
explosives  rhexite  and  meganite  are  allowed. 

The  author  proceeds  to  describe  the  system  of  ventilation,  and  points  out  that, 
in  one  portion  of  the  pit  at  least,  a  good  deal  of  ventilating  work  is  cast  upon 
a  single  air-current,  This  current  was  examined  at  a  cross-cut  on  January  5th ;  it 
was  passing:  through  at  the  rate  of  14,000  feet  per  minute,  and  it  contained 
19-9  per  cent,  of  oxygen,  -514  per  cent,  of  methane,  and  -090  per  cent,  of  carbon 
dioxide.  The  observations  made  point  to  the  conclusion  that  the  ventilation  was 
slightly  weaker  than  usual  both  before  and  after  the  explosion.  The  barometer 
was  above  the  average  height  at  that  colliery  at  the  time  of  the  explosion,  and  was 
actually  rising.  The  annual  mean  there  is  29-213  inches;  recorded  height  on 
January  3rd,  29'567  inches. 

Gas-blowers  have  not  been  observed  in  these  workings,  and  it  was  maintained 
that  the  pit  was  on  the  whole  too  wet  to  admit  of  the  accumulation  of  coal-dust ; 
but  the  author  points  out  that  thick  layers  of  dust  were  observable  everywhere  after 
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the  catastrophe,  and  be  thinks  thai  the  coal-dost  cannot  have  been  produced  by  the 
explosion.  It  is  significant  that  the  Ostrau  Local  Committee  oi  the  Austrian  Fire- 
damp Commission  considered  tin'  coal-dust  of  the  Thick  Seam  the  most  dangi 
(it  any  of  the  Ostrau  3eams;  but  the  author  also  show-  that  (though  undoubtedly 
marsh-gas  and  coal-dust  were  present1)  from  b  careful  collation  of  the  facts,  it  is  not 
necessary  to  assume  thai  they  were  present  in  large  quantities.  For  those  who  are 
interested  in  the  matter  the  very  Lengthy  original  paper  is  worth  perasal. 

O.  S.  E. 


THE   BERLIN   (1889)   MINING    EXHIBITION. 

Sur  ruclqiit'x  iipjiii  rfilx   rw/t/ni/cx  i/i///s   les  Mini*  .17/ '■■mil  ntlrx  en    rue  de  /irertii  i  r  let 

accidents,  apres  lex  modeles  expose"  a  Berlin  en  18.su.     II j  MAURICE  I'ellom. 
Annates  des  Mines,  1890,  Series  8,  Vol.  xvii.,  />/>.  329-368,  Plates  rii.-j-. 

I. — Safety-Lamps. 

The  Wolf  lamp  is  fitted  with  an  appliance  for  relighting,  consisting  in  the 
ignition  of  a  match  by  a  hammer.  A  later  improvement  is  a  knife  to  cut  off 
the  consumed  match  from  the  paper  roll.  A  modification  of  the  arrangement  is 
applied  to  lamps  burning  heavy  oils. 

The Wenderotta  magnetic  lamp-lock  consists  of  two  polar  plates  in  the  bottom  of 
the  lamp  and  an  armature  (placed  above  them),  one  of  whose  ends  is  fixed  and  the 
other  carries  the  pin,  which  acts  as  a  bolt  and  locks  the  lamp. 

II. — Winding  Appliances. 

Schuller  Keps. — The  Schuller  keps  consist  of  four  cams  fixed  loosely  on  the  axles, 
and  which  can  be  fixed  in  position  by  means  of  discs,  which  are  fitted  with  slots, 
enclosing  the  cams.  When  a  cage  ascends  it  presses  back  and  passes  the  cams, 
which  fall  into  position  and  sustain  the  cage.  The  discs  are  then  released,  and 
allow  the  cams  to  fall  and  allow  the  descent  of  the  cage.  The  discs  and  cams  are 
then  replaced  in  position  for  the  next  cage, 

Westmeyer  Keps. — The  Westmeyer  keps  are  similar  to  the  ordinary  ones,  except 
that  a  series  of  jointed  rods  are  employed. 

Frantz  Keps. — Four  levers  are  placed  loosely  on  horizontal  axles,  of  such  dimen- 
sions that  when  in  their  highest  or  lowest  positions  they  permit  the  passage  of  the 
cage,  and  will  support  the  cage  when  fixed  in  mid-position.  The  axles  supporting 
the  levers  are  supported  upon  hydraulic  rams  and  can  be  moved  as  required  to 
maintain  or  release  the  cage. 

Sartorius  and  Holzer  Keps. — These  keps  are  fitted  with  spiral  springs  to  reduce 
the  shock  of  the  cages  upon  the  keps.  The  cages  are  supported  upon  cams  fixed  into 
position  by  wedges,  and  when  released  allow  of  the  descent  of  the  cage. 

Haniel  and  I/aeg  Keps. — These  keps  consist  of  sliding  shoes  fitted  with  guide 
slots,  one  being  horizontal  and  the  other  inclined.  The  inclined  groove  contains  a 
stud,  attached  to  the  arm  of  a  lever.  When  this  is  maintained  in  a  horizontal 
position  the  shoe  will  support  the  cage,  and  when  it  is  raised  upwards  it  withdraws 
the  shoe  and  allows  of  the  descent  of  the  cage.  The  shoes  are  pressed  upward  and 
allow  of  the  ascent  of  the  cage,  and  fall  again  into  position  to  support  it. 

Victoria  Safety-gate. — This  safety-gate  is  controlled  by  means  of  slotted  plates, 
which  cannot  be  moved  when  a  lever  has  been  raised  and  the  cage  is  in  a  certain 
position,  and  the  cage  cannot  be  moved  until  the  gates  are  re-closed,  owing  to  the 
plates  engaging  into  a  recess  in  the  side  of  the  cage. 
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The  Pelzer,  and  Friemann  and  Wolf,  safety-cages,  several  safety-gates  for 
mclmed  planes,  Gerhard  recording  water-gauge,  Hipp  ventilation  recorder.  Fleuss 
respiratory  apparatus,  and  other  appliances,  are  fullv  described  M   W  B 


DETERMINATION  OF  THE  FLASHING-POINT  OF  FIRE-DAMP. 
Vote   sur   le    dosage    du   grisou   par    les    Ihnites    d'inflammabUitS.      By    H     Le 
Ohatelier.     Annales  des  Mines,  I89L  Series  8,  Vol.  xix.,  pp.  388-395 

ShJvhlaU!h°r  haS,Verified  exP«rimentally  the  principle  upon  which  the  Thomas 
Shan  fire-damp  indicator  is  based,  namely,  that  the  minimum  proportion  of  a  gas 
necessary  to  form  an  explosive  mixture  with  air  is  a  strictly  definite  quantify 
accurately  ascertainable  to  within  0-1  per  cent,  of  the  total  volume.  \  .la 
cy hndcr  1  foot  in  height  and  2|  inches  in  diameter,  narrowing  near  the  base  £  If 
nches  (so  that  it  may  be  closed  with  the  thumb),  and  surmounted  by  a  glass  tub 

17  r^  I  ]'nCh  ^  diamet6r'  WM  USed  fOT  the  determinations  The  instru- 
ment was  filled  with  water  and  placed  over  a  pneumatic  trough  of  sufficient  depth 

bubble  by  bubble,  by  means  of  a  tube  of  excessively  small  diameter,  and  the 
volume  sc >  in  roduced  measured  at  atmospheric  pressure.  The  testing  cylinder 
wa,  then  filled  up  to  a  marked  point  (2  inches  above  the  base)  with  air;  the  upper 
tube  „  graduated  in  thousandths  of  the  volume  so  marked.  The  instrument,  after 
havmg  been  well  shaken  to  promote  thorough  mixture  of  the  gases,  and  then 
replaced  for  a  short  time  in  its  original  position,  was  quickly  turned,  and  a  lighted 
match  or  small  gas  flame  applied.  If  the  mixture  was  combustible  a  pale  blue 
flame  ran  right  down  the  cylinder. 

volute  nf^  eXperimfenf  made  in  this  "V  with  coal-gas  showed  that  a  minimum 
volume  of  8  per  cent,  forms  an  explosive  mixture  with  atmospheric  air:  if  the 
nitrogen  m  the  latter  be  replaced  by  oxygen  the  flashing-point  remains  practically 

Z^tTp^ent:6  PI'eSenCe0f  Carb°n  di0XMe  ~~  the  mini—  ™"  * 
The  minimum  proportion-  for  the  former  is  6-1  per  cent.,  and  for  impure  carbon 

Z tn  hvl(m    w    3  T cent- nitro?en)  about  16  pgr  cent-  The  -p---" 

with  hydrogen  were  inconclusive  on  account  of  the  indistinctness  of  the  flame. 

0.  S.  E. 


tSLJ  FRENCH  commission  on  the  inflammability  of 

FIRE-DAMP  BY  SPARKS  PRODUCED  BY  STEEL  TOOLS,  AND  ON 
THE  EMPLOYMENT  OF  ELECTRIC  LAMPS. 
SurVInflatnmabUitidu  Grisou  par  let  Mincelles  provenant  du  choc  del' Acier  et  sur 
lemplotdesLampeselectriques.  Rapport presentd  a  la  Commission  chargie  de 
I  etude  de8  explosifs  et  des  lampes  de  stiretepar  la  Sous-Commission  (Messrs 
Mallard,  le  Chatelier,  and  Chesxeau)  designee par  elle  pour  proeeder 
aux  reeherehes  experimental es.  Annales  des  Mines,  1890,  Series  8  Vol 
xciii.,  pp.  699-713.  ' 

I. — Sparks  Produced" by  the  Pick. 
Sir  H    Davy  read  a  memoir  before  the   Royal    Society   of   London   on  Nov- 
ember, 9th    l81o,  in  which  he  gave  some  particulars  respecting  the  ignition  of 
matures  of  gas  and  air  by  electric  sparks,  and  refers  to  the  ignition  of  fire-damp  by 

VOL.  XL. -1890-91.  x 
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sparks  from  the  steel  mill.  It  is  remarked  that  Sir  H.  Davy  does  not  state  that  he 
had  observed  ignition  caused  by  sparks  from  the  steel  mill.  For  many  years, 
knowledge  of  the  properties  of  fire-damp  remained  stationary. 

The  French  Fire-damp  Commission  thought  it  important  to  continue  the  re- 
searches of  Sir  H.  Davy  as  to  the  relation  of  inflammability  of  different  gases,  but 
not  at  first  to  determine  the  effect  of  sparks  from  the  shock  of  steel.  On 
April,  3rd,  1880,  M.  Roddes  communicated  to  the  Societe  de  l'lndustrie  Minerale 
the  results  of  experiments  as  to  the  safety  of  methods  of  lighting  shots.  In  this 
communication  it  was  erroneously  assumed  that  fire-damp  was  at  least  as  inflam- 
mable as  lighting  gas,  and  it  was  proved  that  the  latter  gas  could  be  ignited  by 
sparks  from  the  steel  mill. 

In  consequence  of  the  explo-ion  at  Yerpilleux  in  1889,  further  experiments  were 
made  at  St.  Etienne  by  M.  Leclere,  also  with  lighting  gas,  sparks  being  produced 
by  striking  with  a  pick  on  fragments  of  hard  stone  and  nodules  of  ironstone,  and 
ignition  of  the  lighting  gas  ensued. 

The  question  of  the  ignition  of  fire-damp  remained  untouched  because  it  is  not 
possible  to  draw  conclusions  respecting  the  ignition  of  fire-damp  from  lighting  gas 
The  experimental  sub-committee  took  up  the  question  and  made  experiments  both 
with  lighting  gas  and  chemically  prepared  marsh-gas.  Sparks  were  produced  in 
contact  with  inflammable  mixtures  of  these  gases  by  striking  with  a  pick  on  hard 
stones,  particularly  on  the  porphyry  used  for  paving  in  Paris.  With  lighting  gas 
the  sparks  caused  ignition  at  nearly  every  blow.  When  marsh-gas  was  used  ignition 
never  occurred.  With  mixtures  of  f  marsh-gas  and  \  lighting  gas  by  volume  no 
ignition  was  effected.  It  required  equal  volumes  of  marsh-gas  and  lighting  gas  before 
ignition  could  be  caused.  These  experiments  (often  repeated)  are  held  to  demon- 
strate that  in  order  that  mixtures  of  air  and  fire-damp  may  be  ignited  by  sparks 
from  a  pick,  it  is  necessary  for  the  fire-damp  to  contain,  beyond  the  marsh-gas,  a 
proportion  of  hydrogen  or  hydrocarbons  incomparably  higher  than  has  ever  been 
been  found  by  analysis.  The  sub-committee  afterwards  made  further  experiments 
with  marsh-gas  and  also  with  fire-damp  obtained  from  the  workings  of  a  colliery. 
Sparks  were  produced  by  a  mechanical  drill  and  hard  stone.  Inflammation  was 
not  produced  either  with  marsh-gas  or  fire-damp.  Further  experiments  were  made 
with  sparks  produced  by  pressing  a  bar  of  steel  against  a  rapidly  revolving  emery 
wheel.  The  sparks  formed  a  dazzling  and  continuous  shower.  A  very  large  jet  of 
an  inflammable  mixture  of  air  and  marsh-gas  or  air  and  fire-damp  was  directed  in 
various  manners  into  the  sparks  without  causing  ignition. 

M.  Leclere  also  afterwards  repeated  his  experiments  and  used  fire-damp  from  the 
Grand-Treuil  pit.  Sparks  were  produced  by  a  heavy  pick  (weighted)  from  pyrites 
and  carbonate  of  iron  without  causing  ignition.  It  appears  therefore  the  sparks 
produced  by  the  shock  of  steel,  and  especially  by  the  miner's  pick,  on  hard  stones, 
are  incapable  of  igniting  explosive  mixtures  of  fire-damp  and  air. 

II.— Electric  Lamps. 
Records  showing  the  lighting  power  of  the  Stella  and  Pollack  lamps  are 
given.  The  Stella  lamp  gave  an  effective  light,  varying  from  0*25  to  0-16  candle- 
power  at  the  end  of  the  eighth  hour.  The  Pollack  lamp  gave  an  effective  light, 
varying  from  037  to  025  candle-power  at  the  end  of  the  sixth  hour.  Experiments 
made  with  the  filaments  of  electric  lamps,  such  as  are  proposed  for  use  in  mines, 
showed  that  when  broken  in  inflammable  currents  of  air  and  lighting  gas  or  air  and 
marsh  gas  they  were  capable  of  causing  ignition  of  the  mixtures.  Other  experiments 
showed  that  electric  sparks  produced  by  the  opening  or  closing  of  the  current  in 
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portable  electric  lamps  did  not  ignite  explosive  mixtures.  The  conclusion  arrived 
at  is  that  in  portable  electric  lamps  the  only  danger  is  from  the  breakage  of  the 
glass  surrounding  the  incandescent  carbon  thread,  and  that  this  danger  can  be 
effectively  guarded  against  by  enclosing  the  filament  with  a  strong  outer  glass.  It  is 
still  doubtful  whether  portable  lamps  as  at  present  constructed  do  not  deteriorate 
too  rapidly  to  permit  of  their  general  use.  It  will  be  necessary  to  find  a  method 
for  indicating  fire-damp.  It  is  thought  that  the  Liveing  indicator  may  be  used  with 
a  lamp.  W.  N.  A. 

EXPERIMENTS  IN  SEDIMENTATION. 
Experiences  stir  la  sedimentation.     By  Prof.  J.  Thoulet.      Annates  des   Mines, 
1891,  Series  8,  Vol.  xix.,  pp.  5-35  and  Plate  i. 

In  the  experiments  described  in  this  paper  the  author  made  use  of  the  purest 
obtainable  white  kaolin  of  Limoges.  A  graduated  tube  containing  60  cubic  centi- 
metres of  water  with  a  known  quantity  of  the  kaolin  in  suspension,  was  taken,  a 
drop  of  water  saturated  with  sodium  chloride  introduced  into  it,  the  tube  then 
sealed  and  suspended  in  a  d'Arsonval  oven  kept  at  a  temperature  of  56-5  degs.  Cent. 
(=  133-7  Fahr.),  and  the  time  of  descent  of  the  particles  of  kaolin  measured  by 
noting  at  stated  intervals  the  height  of  the  clear  portion  of  the  solution.  The 
results  tended  to  prove  that  the  rate  of  fall  is  uniform. 

Another  series  of  experiments  was  made  at  varying  temperatures,  the  results 
showing  that  the  higher  the  temperature  the  more  rapid  was  the  fall  of  sediment. 
At  23  degs.  Cent.  (=  73  degs.  Fahr.)  and  below  the  particles  of  kaolin  remained 
indefinitely  in  suspension. 

Further  experiments  were  conducted,  in  which  the  quantity  of  kaolin  was  made 
to  vary,  in  which  hydrochloric  acid  and  sea  water  were  severally  introduced  into 
the  solutions,  and  in  which  the  effects  of  pressure  and  of  the  dissolved  air  were 
studied.  Finally,  the  rate  of  fall  of  foraminiferal  tests  in  sea  water  was  measured. 
The  foraminifera  were  divided  into  five  classes  according  to  their  diameter,  and  it 
was  found  that  to  fall  6,000  feet  they  took  from  13^  to  73^  hours,  according  as  they 
measured  -12  to  '75  mm.  (^  to  ^  inch). 

The  author  mentions  that  he  spent  more  than  three  years  over  the  above  experi- 
ments, and  he  summarizes  his  conclusions  as  follows  : — 

1.  Particles  immersed  in  water  fall  at  a  generally  uniform  rate,  with  a  rapidity 
which  increases  in  the  same  ratio  as  the  difference  of  density  between  solid  and 
liquid,  and  which  diminishes  when  the  temperature  approaches  that  at  which  the 
co-efficient  of  expansion  of  distilled  water  is  equal  to  the  co-efficient  of  the  particles. 

2.  Up  to  12  atmospheres  or  thereabouts  pressure  appears  to  exercise  no  influence. 

3.  The  dissolved  air  forms  a  sort  of  sheath  adhering  to  the  surfaces  of  the 
particles.  (This  helps  to  account  for  the  oxygenation,  and  hence  for  the  habitability, 
of  the  abysmal  depths  of  the  ocean.) 

4.  Precipitation  of  clay  appears  to  follow  exactly  the  same  course  in  fresh  water 
mixed  with  10  per  cent,  of  sea  water,  as  in  pure  sea  water. 

5.  Foraminifera  fall  quickly  to  the  sea  bottom,  and  since  the  dissolving  power  of 
sea  water  is  insignificant  at  ordinary  pressures,  they  lose  little  in  weight  during  the 
descent. 

6.  The  phenomenon  of  "clouds"  or  multiple  superposed  strata,  formed  by  very 
fine  dusts  falling  through  a  liquid,  is  attributable  to  simple  mechanical  causes,  and 
is  only  observed  in  the  case  of  liquids  contained  in  vessels  of  small  capacitv. 

O.  S.  E. 
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The  following  table  shows  the  membership  during  recent  years: — 

August  1st. 

1888.  IS 

Honorary  Members         

Members    ... 
Associate  Members 

Associates...         

Students    ... 
Subscribing  Collieries    ... 

Totals 694  687  686  670 

The  maximum  number  of  Members  was  attained  on  August  1st,  1877,  viz : — 23 
Honoraiy  Members,  792  Members,  142  Students,  and  14  Subscribing  Collieries,  a 
total  of  971  Members. 

The  effects  of  the  Bye-Laws  which  came  in  force  in  1889  are  now  being  experi- 
enced, and  there  is  erery  reason  to  hope  that  they  will  ultimately  lead  to  a  steady 
and  continued  increase  in  the  membership.  The  class  of  Associates,  consisting  of 
persons  occupying  subordinate  positions  in  engineering,  has  been  successfully 
initiated,  and  must  eventually  tend  to  the  efficiency  of  the  Institute. 

The  Federated  Institution  of  Mining  Engineers  has  now  completed  the  second 
year  of  its  existence,  during  which  there  have  been  three  general  meetings — 
Nottingham  on  September  24th  and  25th,  1890;  Newcastle-upon-Tyne,  January  21st 
and  22nd,  1891  ;  and  London,  May  28th  and  29th,  1891.  These  meetings  have  been 
attended  by  a  large  number  of  the  members  of  the  four  Federated  Institutes, 
and  there  has  been  a  marked  increase  in  the  number  of  papers  read  at  these 
meetings.  In  addition  to  receiving  the  papers  read  before  this  Institute,  the 
members  now  receive,  without  extra  cost,  the  papers  read  at  the  meetings  of  the 
Federated  Institution  of  Mining  Engineers,  and  of  the  Chesterfield  and  Midland 
Counties  Institution  of  Engineers,  the  Midland  Institute  of  Mining,  Civil,  and 
Mechanical  Engineers,  and  the  South  Staffordshire  and  East  Worcestershire  Insti- 
tute of  Mining  Engineers.  With  continued  attention  of  the  Federated  Institutes, 
the  Federated  Institution  of  Mining  Engineers  ought  eventually  to  include  all  of 
the  institutes  interested  in  mining,  metallurgical,  and  mechanical  engineering. 
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>m in c 1 1 .-.  on  Mechanical  Ventilators  has  not  completed  Its  report  owing  t" 
the  mass  of  calculations  required  in  the  reduction  of  the  experiment-;,  but  there 
is  every  reason  to  hope  that  it  will  be  completed  at  an  early  date. 

The  Committee  on  ••Flam  -  Explosives  hopes  to  eommence  its  practical 
experiments  shortly.  Messrs.  W.  J.  Bird  and  M.  Walton  Brown  have  ably  trans- 
lated the  "Report  of  the  French  Commission  on  the  Use  of  Explosives  in  Mines," 
for  I  he'  use  and  information  of  the  members  of  the  Committee  and  it  has  been  Issned 
to  the  members  of  the  Institute  by  order  of  the  Council,  who  are  of  opinion  that  t  his 
volume  is  a  valuable  addition  to  the  publications  of  the  Institute.  -Mr.  M. 
Walton  Brown  was  present,  on  the  request  of  the  Committee,  at  some  experiment i 
on  explosives  at  Cymmer  Collieries,  and  his  interesting  report  was  communicated 
by  the  Committee  to  the  members. 

The  "  Boringsand  Sinkings"  are  now  approaching  complet  ion.  and  a  fifth  volume 
will  be  published  during  the  ensuing  year. 

The  Library  of  the  Institute  continues  to  be  maintained  in  an  efficient  state,  and 
the  members  in  the  vicinity  are  reminded  that  the  books  and  weekly  engineering 
papers  are  available  daily  from  10  a.m.  to  5  p.m.,  whilst  those  at  a  distance  may 
avail  themselves  of  the  Library  by  communication  with  the  Librarian. 

Material  changes  have  taken  place  in  the  officers  of  the  Institute  through  the 
death  of  Mr.  F.  Gosman,  on  September  12th,  1800,  after  many  years  of  faithful 
attention  to  the  interests  of  the  Institute,  and  through  the  retirement  of  the 
Secretary,  Professor  Lebour,  in  January  last.  The  Council  trust  that  the  appoint- 
ment of  their  successors  will  tend  to  the  efficient  conduct  of  the  business  of  the 
Institute.  Mr.  M.  Walton  Brown  has  been  appointed  Secretary  and  Mr.  Reginald 
Guthrie,  Treasurer. 

The  Institute  has  again  been  placed  on  the  list  of  corresponding  societies  of  the 
British  Association,  and  the  Council  have  appointed  Professor  J.  H.  Merivale,  M.A., 
to  act  as  their  delegate  at  the  ensuing  meeting  at  Cardiff. 

The  Council  deeply  regret  the  death  during  the  year  of  Mr.  John  Marley,  Past- 
President,  and  of  Mr.  James  Willis.  B.M.  Inspector  of  Mines,  Vice-President — two 
gentlemen  who  have  at  all  times  contributed  every  assistance  to  the  well-being  of 
the  Institute. 

The  papers  contributed  during  the  year  are  as  follow: — 

';  Experiments  with  Explosives  used  in  Mines."     By  Mr.  M.  Walton  Brown. 

"  On  the  Bending  of  Beds  near  Veins."     By  Mr.  David  Burns. 

"  Some  Banket  Deposits  of  the  Gold  Coast,  West  Africa."     By  Mr.  Edward 

Halse. 
"  Experiments  with  Carbonite."     By  Messrs.  M.  Walton   Brown   and  William 

Foggin. 
"The  Waddle  Patent  (1890)  Fan."     By  Mr.  M.  Walton  Brown. 
'•  On  the  Present  Position  of  the  Question  of  Transmission  of  Power."     By  Mr. 
A.  L.  Steavenson. 
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•:  On  the  Pumpinsr  Arrangements  at  Eltringham  Colliery.''     By  Mr.  J.  Kenneth 

Guthrie. 
"  On  a  Duplex  Arrangement  of  Centrifugal  Ventilating  Machines."     By  Mr.  W. 

Cochrane. 

In  concluding  their  fortieth  annual  report,  while  the  Council  congratulate  the 
members  upon  the  present  position  of  the  Institute,  they  ask  them  to  bring  its 
claims  and  advantages  before  others. 


FINANCE    REPORT. 


The  income  for  the  year  1890-1  amounted  to  £1,790  9s.  0d.j  deducting  from  this 
a  sum  of  £200  received  from  the  Coal  Owners'  Associations  towards  the  costs  to  be 
incurred  by  the  Explosives  Committee,  shows  the  ordinary  income  to  be  £1,590  9s.  0d., 
an  increase  of  £80  14s.  lOd.  over  the  preceding  year. 

The  total  receipts  for  subscriptions  and  arrears  amounted  to  £1,302  14s.  0d.,  an 
increase  of  £93  8s.  4d.  The  amount  of  subscriptions  in  arrear  beyond  one  year  now 
amount  to  £141  15s.  Od.  The  sum  of  £180  12s.  Od.  has  been  struck  off  during  the 
year  as  irrecoverable. 

The  total  expenditure  during  the  year  has  amounted  to  £2,232  8s.  3d.,  which  is 
considerably  in  excess  of  that  of  the  previous  year,  but  during  this  year,  two  years' 
payments  to  the  Federated  Institution  have  been  made. 

August  1st,  1891.  T.  W.  Benson. 


AB8TBA0T   OF   ACCOUNTS, 


Die. 


TiiBASFuKii  in  Account  with  thi  Nobth  or  Kn«;i.  \m. 

Fur  the  Year  ending 


July  16,1890.  £  s.  d. 

To  Balance  at  Bankers            510  7  10 

„         „        in  hand      87  6     4 

„  Dividend  of  3i  per  cent,  on  134  Shares  of  £20  each  in 
the  Institute  and  Coal  Trade  Chambers  Co.  Ltd.,  for 

the  half  year  ending  December,  1890          93  16    0 

„            ending  June,  1891         93  16    0 

187  12    0 
„  Interest  on  Investments  with  the  River  Tyne  Commis- 
sioners             ...  7,3  2     6 


£      s.    d. 


597  14    2 


To  Explosives  Committee — 

260  14    6 

Subscription  from  Durham  Coal  Owners' 

Association 

150    0 

0 

„              „      Northumberland   „ 

>t 

50    0 

0 

200    0    0 

To  Subscriptions  fob  1890-91  as  follows 

:— 

403  Ordinary  Members    ...         

@  £2  2s. 

846    6 

0 

2  Life  Members 

50    0 

0 

23  Associate  Members    ... 

@  £2  2s. 

48     6 

0 

19  Associates 

@  £1  Is. 

19  19 

0 

18  Students         ...         

@  £1  Is. 

18  18 

0 

1  Life  Member ... 

(Balance) 

17  18 

0 

4  Associates 

@  £2  2s. 

8     8 

0 

4  New  Members            ...         

<g  £2  2s. 

8    8 

0 

5  New  Associates 

@  £1  Is. 

5     5 

0 

5  New  Students            

@  £1  Is.' 

5     5 

0 

1  New  Associate  Member        

@  £2  2s. 

2    2 

0 

To  StJBSCBiBiNa  Collieries,  viz.:— 

1,030  15 

0 

Ashington 

£2    2    0 

Bridge  water  Trustees      ...     • 

6     6    0 

North  Hetton        

6    6    0 

Londonderry  Collieries 

10  10    0 

!> 

North  Brancepeth            

2    2    0 

Stella          

2    2     0 

Victoria  Garesfield 

2    2    0 

Wearmouth            

4    4    0 

35  14 

0 

To  Arrears         

„  Subscriptions  Paid  in  Advance     

„  Sale  of  Publications,  per  Secretary 

„  per  A.  Reid,  Sons  &  Co. 


1,066    9    0 
217    7    0 


26    4    6 
0  16    0 


1,283  16    0 
18  18    0 


27     0    6 


£2,388    3    2 


ABSTBACT    OF   ACCOUNTS. 


Institute  or  Mining  abd  Mechanical  Engineers. 

July  31st,  1891.  „ 


July  23,  1891.                                                                                          £  s  d 
By  Publishing  and  Stationery  Accounts,  viz.  :— 

A.  Reid.  Sons  &  Co.         ...         ...         ...  ^gg     7  9 

Lambert  &  Co 82  18  4 

„  Books  for  Library  ... 

,,  Printing  (Annan  &  Swan)  ■  

„  Abstracts  of  Foreign  Papers         

„  Incidental  Expenses 

„  Sundry  Accounts     

„  Travelling  Expenses 

„  Salaries,  etc. 

„  Clerks'  Wages 

„  Reporter's  Salary    ... 

„  Rent 

„  Rates  and  Taxes      ...         

,,  Insurance 

„  Furnishing,  etc 

„  Coals,  Gas,  and  Water 

,,  Guibal  Memorial     ...         ...         ...         ...  25     0     0 

„  Expenses  of  Federated  Institute  Meeting  in  Newcastle  45     3     0 

„  Explosives  Committee        ...         ...  ...         ...         mmm  6  14     0 

„  Fan  Committee        ...         ...         ...  5     10 

„  Exors.  of  late  F.  Gosman 75     0    0 

By  Federated  Institution  of  Mining  Engineers- 
Two  Years' Calls ...£1025     5     0 

Less—  Payments  made  on  behalf  of  the 
Federated  Institution,  as  per  last  year's 
General  Statement        223     3     5 


50  15 

2 

5  7 

6 

21  12 

6 

156  2 

2 

33  5 

9 

41  13 

0 

419  16 

3 

127  13 

4 

12  12 

0 

97  4 

8 

19  7 

10 

9  4 

11 

4  16 

6 

22  11 

7 

£      s.   d 


251 


1,022     3   -2 


802     1     7 


By  Balance  at  Bank 71     2     s      958  19     7 

»         n        in  hand 


155  14  11 


Audited  and  found  correct. 

JOHN  G.  BENSON, 

Chabtebed  Accountant. 
Newcastle-upon-Tyne, 
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By     1         „         Member,  unpaid 
By     1         „  „         resigned 


@£2  2s 
@  £2  2s 

@£2  2s 
@£2  2s 
(a)  £2  2s 


PAID.  UNPAID. 

£       s.   d.        £       s.  d. 
50    0    0         


17  18    0 
846    6    0 


@  £2  2s.         48     6     0 

@£2  2s 

@£2  2s 


233     2  0 

4     4  0 

27     6  0 

10  10  0 

12  12  0 


2     2     0 
2     2     0 


By     4  Associates,  paid    ... 
By   19        „  „     ... 

By     4         ,.  unpaid 

27 

By   18  Students,  paid 
By   16         „         unpaid 
By     2         „  struck  off 

36 

By     4  New  Members,  paid 
By     1  New  Member,  unpaid 


@  £2  2s. 
@  £1  Is. 
@  £1  Is. 


@  £1  Is. 
@  £1  Is. 

@,  £1  Is. 


@  £2  2s. 
@  £2  2s. 


8     8     0 
19  19    0 


18  18    0 


8    8    0 


4     4     0 


16  16    0 
2     2     0 


2     2     0 


By     1  New  Associate  Member,  paid    .. 
By     1  ,,  „  unpaid 


@£2  2s.           2     2     0 
@£2  2s 


2     2     0 


By     5  New  Associates,  paid 

By     5  New  Students,  paid 

By  Subscribing  Collieries,  paid  ... 
„  „  „  unpaid 

By  Arrears  Paid 

„         „       Unpaid 
By  Subscriptions  paid  in  advance 


@  £1  Is. 
@  £1  Is, 


5  5 

0 

35  14 

0 

56  14 

0 

1,066  9 

0 

375  18 

0 

217  7 

0 

141  15 

0 

18  18 

0 

£1,302  14 

0 

517  13 

0 

£ 

1,302  14 

0 

51,820  7 

(1 
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His  Grace  the  DUKE  OF  NORTHUMBERLAND. 

His  Grace  the  DUKE  OF  CLEVELAND. 

The  Most  Noble  the  MARQUIS  OF  LONDONDERRY. 

The  Right  Honourable  the  EARL  OF  LONSDALE. 

The  Right  Honourable  the  EARL  OF  DURHAM. 

The  Right  Honourable  the  EARL  GREY. 

The  Right  Honourable  the  EARL  OF  RAVENSWORTH. 

The  Right  Honourable  the  EARL  OF  WHARNCLIFFE. 

The  Right  Reverend  the  LORD  BISHOP  OF  DURHAM. 

The  Very  Reverend  the  DEAN  AND  CHAPTER  OF  DURHAM. 

WENT  WORTH  B.  BEAUMONT,  Esq.,  M.P. 


Elected. 

*  Honorary  Members  during  term  of  office  only.  Mem.     Hon-. 
1  The  Right  Honourable  the  EARL  OF  RAVENSWORTH,  Ravens- 
worth  Castle,  Gateshead-on-Tyne 1877 

2*J.  B.  ATKINSON,  Esq.,  Inspector  of  Mines,  Glasgow         1870     1888 

3*W.  N.  ATKINSON,  Esq.,  Inspector  of  Mines,  Newcastle,  Stafford- 
shire            1868     1888 

4*W.  BEATTIE-SCOTT,  Esq.,  Inspector  of  Mines,  Great  Barr,  near 

Birmingham     ...         ...         ..  ...         ...         ..  ...         ...  1888 

5*Prof.  P.  PHILLIPS  BEDSON,  D.Sc.   (Lond.),   F.C.S.,    Durham 

College  of  Science,  Newcastle-on-Tyne      1883 

6*THOMAS  BELL,  Esq.,  Inspector  of  Mines,  Durham  

7  M.   DE  BOUREUILLE,    Commandeur   de    la  Legion    d'Honneur, 

Conseiller  d'etat,  Inspecteur  General  des  Mines,  Paris  ...         ...  1853 

8*Prof.  G.  S.  BRADY,  M.D.,  LL.D.,  F.R.S.,  F.L.S.,  Durham  College 

of  Science,  Newcastle-on-Tyne         ...         ...         ...         ...         ...  1875 

9  Dr.  BRASSERT,  Berghauptmann,  Bonn-am-Rhein,  Prussia           ...  1883 
10  JOSEPH  DICKINSON,  Esq.,  F.G.S.,  Inspector  of  Mines,    Man- 
chester                   1853 

ll*C.  LE  NEVE  FOSTER,   Esq.,  D.Sc,  F.G.S.,  Inspector  of  Mines, 

Llandudno         ...         ...         ...         ...         ...         ...         ...         ...  1888 

12*Prof.    WILLIAM    GARNETT,    M.A.,    D.C.L.,  Principal  of  the 

Durham  College  of  Science,  Newcastle-on-Tyne ...         ...         ...  1884 

13*HENRY  HALL,  Esq.,  Inspector  of  Mines,  Rainhill,  Prescott       ...  Is7(j 

14*Prof.    A.    S.    HERSCHEL,    M.A.,    D.C.L.,    F.R.S.,    F.R.A.S., 

Observatory  House,  Slough,  Bucks.  ...         ...         ...         ...  1872 

15  The  Very  Rev.  Dr.  LAKE,  Dean  of  Durham  1872 

16*Prof.  G.  A.  LEBOUR,  M.A.,  F.G.S.,  Durham  College  of  Science, 

Newcastle-on-Tyne 1873     1879 

17  J.  A.  LONGRIDGE,  Esq.,  Greve  d'Ayette,  Jersey 1886 

18* J.  S.  MARTIN,  Esq.,  Inspector  of  Mines,  Clifton     1888 


12  HONORARY    MEMBERS. 

Kl,K<  n:i». 

.Mim.  IloN. 

L9*A.  E.  PINCHING,  Esq.,  Inspector  of  Mines,  Stoke,  Devonport    ...  1888 

•20*JOSEPH  T.  ROBSON,  Esq.,  Inspector  of  Mines,  Swansea  ...  1888 

21*J.  M.  RONALDSON,  Esq.,  Inspector  of  Mines,  44,  Athole  Gardens, 

Glasgow 1888 

22*A.  H.  STOKES,  Esq.,  Inspector  of  Mines,  Greenhill,  Derby  ...  1888 

23  M.  E.  VUILLEMIN,  Mines  d'Aniche,  Nord,  France  1878 

24*FRANK  N.   WARDKLL,  Esq.,  F.G.S.,  Inspector  of  Mines,  Wath- 

on-Deame,  near  Rotherham...         ...         ...         ...         ...         ...     1864  1868 
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OFFICERS,     189  1-92. 
(rmdtttt 

J.  B.  SIMPSON,  Esq.,  F.G.S.,  Hedgefield  House,  Blaydon-on-Tyne. 

Ita-grnit&mts. 

WM.  ARMSTRONG,  Sen.,  Esq.,  F.G.S.,  Pelaw  House,  Chester-le-Street. 

C.  BERKLEY,  Esq.,  Marley  Hill,  Whickham,  R.S.O.,  Co.  Durham. 

T.  DOUGLAS,  Esq.,  The  Garth,  Darlington. 

W.  LISHMAN,  Esq.,  Bunker  Hill,  Fence  Houses. 

G.  MAY,  Esq.,  Harton  Colliery  Office,  South  Shields. 

A.  L.  STEAVENSON,  Esq.,  Durham. 

Cfltmril. 

HENRY  ARMSTRONG,  Esq.,  Chester-le-Street. 

WM.  ARMSTRONG,  Jun.,  Esq.,   Wingate,  Co.  Durham. 

T.   "W  .  ASQUTTH,  Esq.,   Harperley,  Liutz  Green,  Newcastle-upon-Tyne. 

T.   W.  BENSON,   Esq.,   11,  Newgate  Street.   Newcastle-upon-Tyne. 

R.  F.  BOYD,  Esq.,  Houghton-le-Spring,  Fence  Houses,"  Co.  Durham. 

W.  F.   HALL,  Esq.,  Haswell  Colliery,  Haswell,  via  Sunderland. 

J.  L.   HEDLEY,  Esq.,  1,  Lovaine  Crescent,  Newcastle-upon-Tyne. 

T.  LISHMAN,  Esq.,  Hetton  Colliery  Office,  Fence  Houses. 

Prof.  J.  H.  MERIVALE,  M.A.,  2,  Victoria  Yillas,  Newcastle-upon-Tyue. 

H.  PALMER,  Esq.,  East  Howie  Colliery,  Ferry  HilL 

M.   W.   PARRINGTON,  Esq.,  Wearmouth  Colliery,  Sunderland. 

A.   M.   POTTER,  Esq.,  Shire  Moor  Colliery,  Earsdon,  Newcastle-upon-Tyne. 

R.   ROBINSON,   Esq. ,  Howlish  Hall,   Bishop  Auckland. 

T.  0.  ROBSON,  Esq.,  Redheugh  Colliery/Gateshead-upon-Tyne. 

T.  H.  M.  STRATTON,  Esq.,  Cramlington  House,  Northumberland. 

S.  TATE,  Esq.,  Trimdon  Grange  Colliery,  Co.   Durham. 

R.  L.   WEEKS,  Esq.,  Willington,  Co.  Durham. 

\V.  0.  WOOD,  Esq.,  South  Hetton,  Sunderland. 

fSm  GEORGE  ELLIOT,  Bart.,  M.P.,  D.C.L.,  1,  Park  Street,  Park  Lane,   ^ 
London,  W. 

LOBD  ARMSTRONG,  C.B.,  LL.D.,  D.C.L.,  F.R.S.,  Cragside,  Rothbury. 

LINDSAY  WOOD,  Esq.,  The  Hermitage,  Chester-le-Street. 

G.  C.  GREEN  WELL,  Esq.,  F.G.S.,  Elm  Tree  Lodge,  Duffield,  Derby. 

G.  B.  FORSTER,  Esq.,  M.A.,  F.G.S.,  North  Jesmond,  Newcastle. 

JOHN  DAGLISH,  Esq. ,  Rothley  Lake,  Cambo,  R.S.O.,  Northumberland. 

Sir    LOWTHIAN    BELL,    Bart.,    D.C.L.,    F.R.S.,    Rounton     Grange^ 
Northallerton. 

WM.  COCHRANE,  Esq.,  Grainger  Street  West.  Newcastle-upon-Tyne. 

T.    J.     BEWICK,     Esq.,    M.I.C.E.,    F.G.S.,   Suffolk  House,  \  Retiring  Vice- 
Laurence  Pountney  Hill,  London,   E.C.  /     President. 

feasuw. 

REGINALD  OUTHRIE,  Esq.,  Neville  Hall,  Newcastle-upon-Tyne. 

^fmtarjr. 

M.  WALTON  BROWN,  Esq.,  Neville' Hall,  Newcastle-upon-Tyne. 
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MEMBERS. 


§isi   of    §pm&je*8, 

JULY  31,  1891. 


Marked  *  are  Members  for  Life. 

1  Ackroyd,  Wm.,  Morley  Main  Collieries,  Morley,  near  Leeds     .. 

2  Aoniel,  S.,  Mines  de  Vicoigne  (Nord),  Noaux  (P.  de  C),  France  ... 

3  Aitkin,  Henry,  Falkirk,  N.B.  

4  Allan,  John  F.,  La  Carolina,  Provincia  de  St.   Luis,  Argentine 

Republic       

5  Allison,  J.  J.  C,  Hedley  Hill  Colliery,  Waterhouses,  Durham... 

6  Anderson,  C.  W.,  Belvedere,  Harrogate 

7  Anderson,  R.  S.,  Elswick  Colliery,  Newcastle-on-Tync 

8  Andrews,  Hugh,  Swarland  Hall,  Felton,  Northumberland 

9  Archer,  T. ,  Dunston  Engine  Works,  Gateshead 

10  Armstrong,  Lord,    C.B.,    LL.D.,    F.R.S.,    D.C.L.,    Cragside, 

Rothbury  (Past-President,  Member  of  Council)       

1 1  Armstrong,  Hy.  ,  Pelaw  House,  Chester-le-Street  {Mem.  of  Council) 

12  Armstrong,  Wm.,  F.G.S.,  Pelaw  House,  Chester-le-Street  (Vice- 

President,  Member  of  Council)  ... 

13  Armstrong,  W.,  Jun.,  Wingate,  Co.  Durham  (Mem.  of  Council) 

14  Armstrong,  W.  L.,  Newton  Lane  Colliery,  Victoria  Coal  and 

Coke  Co.,  Limited,  near  Wakefield 

15  Arnold,  T.,  Mineral  Surveyor,  Castle  Hill,  Greenfields,  Llanelly 

16  Asquith,  T.  W.,   Harperley,   Lintz  Green,   Newcastle-on-Tyne 

(Member  of  Council)         

17  Atkinson,  A.  A.,  Barrow  Collieries,  Barnsley,  Yorkshire 

18  Atkinson,  Fred.  R.,  Murton  Colliery,  via  Sunderland    ... 

19  Aubrey,  R.  C,  14,  St.  Paul's  Square,  Southport 

20  Austine,  John,  Cadzow  Coal  Co.,  Glasgow  

21  Ayton,  Henry,  Cowpen  Colliery,  Blyth,  Northumberland 

22  Bailes,  E.  T.,  Wingate,  Ferryhill     

23  Bailes,  T. ,  Jesmond  Gardens,  Newcastle     ... 

24  Bailey,  Samuel,  30,  Waterloo  Street,  Birmingham 

•_'.">   Bain,  R.  Donald,  85,  Pembroke  Road,  Clifton,  Bristol 

2G  Bainbridge,  E.,  Nunnery  Colliery  Offices,  Sheffield        

27  Ball,  Alfred  F.,  14,  Landsdownc  Terrace,  Gosforth       

23  Banks,  Thomas,  60,  King  Street,  Manchester        

29  Barrett,  C.  R.,  New  Seaham,  Sunderland  

30  BARTHOLOMEW,  C,  Castle  Hill  House,  Ealing,   London,  W. 
31*Bartholomk\v,  C.  W".,  Blakealey  Hall,  near  Towcester   .. 

32  Batey,  John,  Newbury  Collieries,  Coleford,  Bath 


Elected. 
Feb.   7,  1880 

April 
Mar. 

23, 

2, 

1887 
1865 

Feb. 

1", 

1883 

Feb. 

13, 

18S6 

Aug. 
June 

9, 

1852 
1883 

Oct. 

5, 

1872 

July 

2, 

1872 

May 
April 

3, 
14, 

1866 

1S83 

Aug. 

21, 

1852 

April 

7, 

1867 

Mar. 

3, 

1864 

Oct. 

2, 

1880 

Feb. 

2, 

1867 

Aug. 
Feb. 

3, 

14, 

1S78 
1874 

Feb. 

5, 

1870 

Nov. 

4, 

1876 

Mar. 

6, 

1875 

June 

7, 

1879 

Oct. 

7, 

1858 

June 

2 

1859 

Mar. 

3, 

1873 

Dec. 

3, 

1863 

Dec. 

11, 

1886 

Aug. 
Nov. 

4, 

7, 

1877 
1874 

Aug. 

•">, 

1853 

Dec. 

4, 

1875 

Dec, 

5, 

1868 

MEMBERS.  15 

Elected. 

33  Baumgartxer,  W.  0.,  Houghton-le-Spring,  Fence  Houses         ...  Sept.     6,  1879 

34  Bayldon,  Daniel  Hy.,  M.E.,  3,  Draper's  Gardens,  London,  E.C.  Feb.      8,  1890 

35  Beaxlaxds,  Arthur,  M.A.,  Palace  Green,  Durham         Mar.     7,  1867 

36  Bell,  Sir  Lowthiax,  Bart.,  D.C.L.,  F.R.S.,  F.C.S.,  Rounton 

Grange,  Northallerton  (Past-Presidext,  Mem.  of  Council)      July  6,  1854 

37  Bell,  C.  E.,  Park  House,  Durham Dec.  3,1870 

38  Bell,  Geo.  Fred.,  4,  St.  Thomas'  Square,  Newcastle-on-Tyne  ...  Sept.  6,  1879 

39  Bexxett,  Alfred  H.,  Dean  Lane  Collieries,  Bedminster,  Bristol    April  10,  1886 

40  Bexsox,  J.  G.,  Accountant,  12,  Grey  Street,  Newcastle-on-Tyne...  Nov.  7,  1874 

41  Bexsox,  T.  W.,  11,  Newgate  Street,  Newcastle  (Mem.  of  Council)    Aug.  2,1866 

42  Berkley,   C.,   Marley  Hill,    Whickham,  R.S.O.,   Co.   Durham 

(Vice-President,  Member  of  Council) Aug.  21,  1852 

43  Berkley,  Frederick,  Lumley  Thicks,  Fence  Houses      Dec.    11,  1882 

44  Berkley,  R.  W.,  Marley  Hill,  Whickham,  R.S.O.,  Co.  Durham  ...  Feb.    14,  1874 

45  Bewick,    T.    J.,    M.I.C.E.,    F.G.S.,    Suffolk    House,   Laurence 

Pountney  Hill,  London,  E.C.   (Retiring   Vice-Presidext, 

Member  of  Council)  April    5,1860 

46  Bigge,  D.  Selby,  27,  Grey  St.  Newcastle-on-Tyne  June  13,  1S91 

47  Biglaxd,  J.,  Henknowle,  Bishop  Auckland  ...  ...  June     4,  1857 

48  Bilgrami  Syed  Ali  Shamsul  Ulama,  B.A.,  Assoc.  R.S.M.,  &c, 

Director-General  of  Mines,  Hyderabad,  Deccan,  India         ...  April  11,  1891 

49  Bixxs,  G.   J.,  F.G.S.,  M.G.S.A.,  Netherseal  Colliery,    Burton- 

on-Trent       Aug.     7,  1S86 

50  Biram,  B.,  Peaseley  Cross  Collieries,  St.  Helen's,  Lancashire     ...  1856 

51  Bishop,  James,  Manager,  Grey   Valley   Coal  Co.,  Brunnerton, 

Greymouth,  New  Zealand  ...         ...         ...  April  13,  1889 

52  Black,  W.,  Hedworth  Villa,  South  Shields  April    2,1870 

53  Blackburn, Wm.  Stevenson,  Astley House, Woodlesford,  nr.  Leeds  Dec.    10,  1887 

54  Blackett,  W.  C,  Jun.,  Acorn  Close,  Sacriston,  Durham  ...  Nov.      4,  1876 

55  Blagburn,  Charles,  150,  Leadenhall  Street,  London,  E.C.        ...  April  13,  18S9 

56  Blakeley,  A.  B.,  Soothill  Wood  Colliery  Co.,  Ltd.,  near  Batley  Feb.     15,  1S79 

57  Bolton,  Edgar  Ormerod,  M.E. ,  Executor  of  Col.  Hargreaves' 

Colliery  Offices,  Burnley       April  12,  1890 

58  Rolton,  H.  H,  Newchurch  Collieries,  near  Manchester  ...         ...  Dec.      5,  1868 

59  Booth,  R.  L.,  Ashington  Colliery,  near  Morpeth 1864 

60  Boucher,   A.    S.,   P.O.    Box,   53,   Krugersdorf,   South  African 

Republic        Aug.     4,  1883 

61  Boyd,   R.   F.,  Houghton-le-Spring,   Fence  Houses,  Co.  Durham 

{Member  of  Council)  ...         ...         ...         ...         ...         ...  Nov. 

62  Boyd,  Wm.,  North  House,  Longbenton,  Newcastle-on-Tyne       ...  Feb. 

63  Bradford,  Geo.,  Witton  Park,  Darlington  Oct. 

64  Bramwell,  Hugh,  Clifton  Coll.,  Great  Clifton,  near  Workington  Oct. 

65  Breckon,  J.  R.,  41,  Fawcett  Street,  Sunderland Sept. 

66  Broja,  Richard,  Kceniglicher  Oberbergrath,  35,  Friedrich  Strasse, 

Halle,  a/S Nov. 

67  Brough,  Thomas,  New  Seaham  Colliery,  Sunderland      Feb. 

68  Brown,    M.    Walton,    3,    Summerhill   Terrace,    Newcastle-on- 

Tyne  (Secretary) Oct.      7,1871 

69  Brown,  Robert  M.,  Norwood  Colliery,  via  Darlington April  10,  1SS6 

70  Brown,  Thomas,  Manager,  Westport  Coal  Co.,   Coalbrookdale 

Colliery,  Westport,  New  Zealand  April  13,  1889 

71  Browx,  Tho9.  Forster,  F.G.S.,  Guildhall  Chambers,  Cardiff  ...  1861 
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72  Kkowne,    Sib   Benjamin   C,  M.I.C.E.,    Westacres,    Benwell, 

Newuast  U'-on-Tyne . . . 

73  Bruce,  John,  Port  Mulgrave,  Hinderwell,  R.S.O.,  Yorkshire  ... 

74  Bbyham,  William,  Rosebridge  Colliery,  Wigan  ...        

75  Bbyham,  W.,  Jun.,  Douglas  Bank  Collieries,  Wigan       

76  BuLMAK,  11.  i •'.,  Byer  Moor,  Burnopfielil,  near  Newcastle-on-Tyne 

77  Bunning,  C.  Z.,   F.G.S.,  c/o  The  Borax  Co.,  Limited,  2,  Macri 

Khan,  Constantinople 
78*Burls,    Herbert   T.,    Assoc.    R.S.M.,    F.G.S.,   M.E.,  Box  76 

Barberton,  Transvaal,  South  Africa 

79  Burn,  James,  28,  Fawcett  Street,  Sunderland        

80*BUBNS,  David,  C.K.,  F.C.S.,  Canal  Bank,  Carlisle  

SI  Burrows,  J.  S.,  Yew  Tree  House,  Atherton,  near  Manchester  ... 

82  Cabrera,  Fidel,  c/o  H.  Kendal  and  Son,  12,  Great  Winchester 

Street,  London 
83*Candler,    T.    E.,   F.G.S.,    Springfield,   Sanios   Road,   Anerley, 

London,  S.E.  

84  Chambers,  A.  M.,  Thorncliffe  Iron  Works,  near  Sheffield 

85  Chapman,    Alfred    Crawhall,    29,    St.    Nicholas'    Buildings, 

Newcastle-on-Tyne... 

86  Charlton,  W.   A.   (of  Tangyes; Limited),  8,  Richmond  Terrace, 

Gateshead     ... 

87  Cheesman,  I.  T.,  Throckley  Colliery,  Newcastle-on-Tyne 

88  Cheesman,  W.  T. ,  Wire  Rope  Manufacturer,  Hartlepool 

89  Chicken,  Lancelot  W. ,  Boldon  Colliery,  Co.  Durham 

90  Childe,  Henry  S.,  Mining  Engineer,  Wakefield 

91  Clark,  C.  F.,  Garswood  Coal  and  Iron  Co.,  Limited,  near  Wigan 

92  Clark,  R.  B.,  Springwell  Colliery,  Gateshead 

93  Clough,  James,  Willow  Bridge,  Cboppington,  Morpeth 

94  Cochrane,  B.,  Aldin  Grange,  Durham         

95  Cochrane,  C,  Green  Royde,  Pedmore,  near  Stourbridge 

96  Cochrane,   W.,   St.    John's    Chambers,   Grainger  Street  West, 

Newcastle  (Past-President,  M ember  of  Council )     

97  Cockson,  Charles,  Ince  Coal  and  Cannel  Co.,  Ince,  Wigan 

98  Cole,  Robert  Heath,  Endon,  Stoke-upon-Trent 

99  Collis,  W.  B.,  Swinford  House,  Stourbridge,  Worcestershire  ... 

100  Colquhoun,  T.,  West  Stanley  Colliery,  Co.  Durham        

101  Cook,  J.,  Washington  Iron  Works,  Washington,  Co.  Durham   ... 

102  Corbett,  V.  W.,  Chilton  Moor,  Fence  Houses 

103  Corbitt,  M.j  Wire  Rope  Manufacturer,  Teams,  Gateshead 

104  Coulson,  F.,  10,  Victoria  Terrace,  Durham 

105  Coulson,  W.,  No.  1,  Pimlico,  Durham         

106  Coulthard,  Francis,  Arica  Villa,  Fox  Houses,  Whitehaven    ... 

107  Cox,  John  H.,  10,  St.  George's  Square,  Sunderland  

108*Coxe,  E.  B.,  Drifton,  Jeddo,  P.O.  Luzerne  Co.,  Penns.,  U.S.     ... 

109  Craven,  J.  Hiram,  Mechanical  Engineer,  Sunderland     

110  Crighton,  John,  2,  Clarence  Buildings,  Booth  Street,  Manchester 

111  Crone,  E.  W.,  Forest  Hall,  near  Newcastle-on-Tyne       

112  Crone,  F.  E.,  Seaton  Burn  Colliery,  Newcastle-on-Tyne 

113  Crone,  J.  R.,  Tudhoe  House,  via  Spennymoor 

114  Crone,  S.  C,  Forest  Hall,  Newcastle        
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Elected. 

115  Cross,  John,  77,  King  Street,  Manchester June  5,  1869 

116  Croudace,  C.  J.,  Bettisfield  Colliery  Co.,  Ltd.,  Bagillt,  N.  Wales  Nov.  2,  1872 

117  Croudace,  John,  West  House,  Haltwhistle            June  7,1873 

118  Croudace,  Thomas,  Lambton  Lodge,  New  South  Wales 1862 

119  Curry,  W.  Thos.,  Chelvey,  West  Town,  R. S. 0. ,  Somerset         ...  Sept.  4,  1880 


120  Dacres,  Thomas,  Dearham  Colliery,  via  Carlisle   ... 

121  Daglish,  John,  Rothley  Lake,  Cambo,*R.S.O.,  Northumberland 

(Past-President,  Member  of  Council) 

122  Daglish,  W.  S.,  Solicitor,  Newcastle-on-Tyne       ...  

123  Dakers,  W.  R.,  Croxdale  Colliery,  Durham  

124  Dale,  David,  West  Lodge,  Darlington        

125  Darling,  Fenwick,  South  Durham  Colliery,  Darlington... 

126  Darlington,  James,  Black  Park  Colliery,  Paiabon,  North  Wales 

127  Davey,  Hy.,  C.E.,  3,  Princes  Street,  Westminster,  London,  S.W. 

128  Davies,  Lt.-Col.  Jasper  G.  S.,  R.E.,  Marton,  Middlesbrough   ... 

129  Davies,  John,  Hartley  House,  Coundon,  Bishop  Auckland 

130  Davis,  Kenneth  McRae,  Dudley  Coll.,  Northumberland 

131  Dees,  J.  Gibson,  Floraville,  Whitehaven 

132  Dees,  R.  R.,  Solicitor,  Newcastle-on-Tyne 

133  Denniston,  Robert  B.,  Stuart  Street,  Dunedin,  New  Zealand  ... 

134  Dixon,  D.  W.,  Lumpsey  Mines,  Brotton,  Saltburn-by-the-Sea  ... 
135*Dixon,  James  S.,  97,  Bath  Street,  Glasgow 

136  Dixon,  Nich 

137  Dixon,  R.,  Wire  Rope  Manufacturer,  Teams,  Gateshead... 

138  Dodd,  B.,  Bearpark  Colliery,  near  Durham... 

139  Dodd,  M.,  Burncroft,  Hexham  

140*Donkin,  W. ,  Warora  Coll. ,  Wardha  Coal  State  Railway,  C.  P. ,  India 

141  Douglas,  A.  S.,  Hucknall  Torkard  Collieries,  Nottingham 

142  Douglas,  C.  P.,  Parliament  Street,  Consett,  Co.  Durham 

143  Douglas,  John,  Jun. ,  Seghill  Colliery,  Dudley,  Northumberland. . . 

144  Douglas,  M.  H.,  Marsden  Colliery,  South  Shields  

145  Douglas,  T.,  The  Garth,  Darlington  (Vice-President,  Member 

of  Council)     ... 

146  Dowdeswell,  H.,  Butterknowle  Colliery,  via  Darlington 

147  Doyle,  Patrick,  C.E.,  F.M.S.,  F.L.S.,  M.R.A.S., F.G.S.,  M.S.I., 

Indian  Engineering,  19,  Lall  Bazar,  Calcutta,  India 

148"  Dunn,  A.  F 

» 

149  Eden,  C.  H,  Old  Etherley,  by  Darlington 

150  Edge,  J.  H.,  Coalport  Wire  Rope  and  Chain  Works,  Shifnal,  Salop 

151  Elliot,    Sir  George,    Bart.,    M.P.,    D.C.L.,    1,   Park    Street, 

Park  Lane,  London,  W.  (Past-President,  Member  of  Council) 

152  Ellis,  W.  R.,  F.G.S.,  Wigau 

153  Elsdon,  Robert,  The  Highlands,  Burnt   Asli   Hill,  Lee,    Kent 

154  Elwen,  Thomas  Lke,  Littleburn  Colliery,  near  Durham 

155  Embleton,  T.  W.,  The  Cedars,  Methley,  Leeds     

156  Embleton,  T.  W.,  Jun.,  The  Cedars,  Methley,  Leeds      ... 

157  Eminson,  J.  B.,  Londonderry  Offices,  Seaham  Harrbour    ... 

158  Erskine,  Capt.  ,  W.  C.  C. ,  Inspector  of  Mines,  Kimberley,  So.  Africa 

159  Everard,  J.  B.,  M.E.,  6,  Millstone  Lane,  Leicester         
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100  FaIrley,  James,  Craghoad  and  Holmside  Coll.,  Chestei  le-Street  Aug.     7,  1880 

161  Farmer,  A.,  Beaton Carew,  Dear  Weal  Hartlepool          Mar.  2,  1872 

162  Farrow,  JosbpHj  Brotton  Mines,  Brotton,  R.S.O.           Feb.  11,  1882 

163  Favell,  T.   M.,  F.G.S.,  Eltruria Iron  Works,  or.  8toke-on-Trent  April  5,  1873 
1()4*1m:\w  HK,  Barnabas,  84,  Osborne  Road,  Newcastle-on-Tyne      ...  Aug.  2,  1866 

165  Ferens,  Frederick  J. ,  Silksworth  Colliery,  Sunderland  ..        ...  Dec.      i,  1880 

166  Ferens,  Robinson,  Oswald  Hall,  near  Durham      April    7.  1^77 

167  FERGUSON,    l>.,    Persian  Bank   Mining   Rights  Corporation  L<1., 

6,  Draper's  Gardens,  London,  E.C.        ...        ...         ..        ...  Dec.  8,  1883 

168  Fisher,  Ed.  R.,NantGlas,  Cross  Hands,  near  Llanelly,  S.  Wales...  Aug.  2,  1884 

169  Fleming,  C.  E.,  Black,  Hawthorn,  and  Co.,  Gateshead-on-Tyne  ..  April  13,  1889 

170  FLETCHER,  H.,  Ladyshore  Coll.,  Little  Lever,  Bolton,  Lancashire  Aug.  3,  1865 

171  Fletcher,  John,  Rock  House,  Ulverstone             July  2,  1872 

172  Foggin.W.,  North  Biddick  Coll.,  Washington  Station,  Co.  Durham  Mar.  6,  1875 

173  Forrest,  B.  J.,  Villa  Maria,   Province  of  Cordoba,   Argentine 

Republic        April  12,  1884 

174  Forrest,  J.  C.,Witley  Coal  Co.,  Limited,  Halesowen,  Birmingham  April  12,  1884 

175  Forster,  C.  W.,  6,  East  Parade,  Newcastle-on-Tyne        June    10,  1882 

176  Forster,  G.   B.,  M.A.,  F.G.S.,  North  Jesmond,  Newcastle-on- 

Tyne  (Past-President,  Member  of  Council) Nov.  5,1852 

177  Forster,  J.  R.,  Water  Company's  Office,  Newcastle-on-Tyne    ...  July  2,  1872 

178  Forster,  J.  T.,  Burnhope  Colliery,  near  Lanchester,  Co.  Durham  Aug  1,  1868 

179  Forster,  Thomas  E.,  North  Jesmond,  Newcastle-on-Tyne       ...  Oct.  7,  1876 

180  Foster,  George,  Osmondthorpe  Colliery,  near  Leeds       ...         ...  Mar.  7,1874 

181  Fryar,  Mark,  Denby  Colliery,  Derby         Oct.  7,1876 

182  Galloway,  T.  Lindsay,  M.  A.,  Argyll  Colliery,  Campbeltown,  N.B.  Sept.     2,  1876 
1  S3  Galloway,  Wm.,  Mining  Engineer,  Cardiff  April  23,  1887 

184  Geddes,  George  H.,  142,  Princes  Street,  Edinburgh        Oct.      1,  1881 

185  Gerrard,  James,  19,  King  Street,  Wigan 

186  Gerrard,  John,  Westgate,  Wakefield         

187  Gilchrist,  J.  R.,  Wharncliffc  Silkstone  Collieries,  near  Barnsley  Feb. 

188  Gillett,  Leonard  F.,  163,  Osmaston  Road,  Derby  

1S9  Gilroy,  G. ,  Woodlands,  Parbold,  near  Wigan        

190  Gilroy,  S.  B.,  Mining  Engineer,  Nuneaton...  

191  Gjers,  John,  Southfield  Villas,  Middlesbrough      

192  Goddard,  F.  R.,  Accountant,  Newcastle-upon-Tyne 

193  Greaves,  J.  O.,  St.  John's,  Wakefield  

194  Green,  J.  T. , Mining  Engineer,  Ty  Celyn,Abercarne, Newport,  Mon. 

195  Greener,  Henry,  South  Pontop  Colliery,  Annfield  Plain 

196  Greener,  T.  Y.,  West  Lodge,  Crook,  Darlington 

197  Greenwell,  G.  C,  F.G.S.,  Elm   Tree   Lodge,  Duffield,  Derby 

(Past-President,  Member  of  Council) 

198  Greenwell,  G.  C,  Jun.,  Poynton,  near  Stockport  

199  Gresley,  W.  S.,  F.G.S.,  Assoc.  Inst.  C.E.,  Reed  House,  Erie, 

Pa.,  U.S.A 

200  Grey,  C.  G.,  20,  Northbrook  Road,  Leeson  Park,  Dublin 

201  Griffith,  N.  R.,  Wrexham     

202  Grimshaw,  E.  J.,  23,  Hardshaw  Street,  St.  Helens,  Lancashire...  Sept. 

203  Guthrie,  James  K.,  Eltringham  Colliery,  Prudhoe,  R.S.O. 

2C4  Haddock,  W.  T.,  Jun.,  Ryhope  Colliery,  Sunderland      Oct.      7,  1876 
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205  Haggie,  D.  H.,  Wearmouth  Patent  Rope  Works,  Sunderland     ... 

206  Haggie,  Peter  Sinclair,  Gateshead-on-Tyne        

207*Hague,  Ernest,  Castle  Dyke,  Sheffield        

208  Haines,  J.  Richard,  Adderley  Green  Colliery,    near  Longton, 

Stoke-on-Trent 

209  Hall,  M.,  Lofthouse  Station  Collieries,  near  Wakefield 

210  Hall,  M   S.,  8,  Victoria  Street,  Bishop  Auckland  

211  Hall,  Tom,  Haswell  Colliery,  Haswell,  via  Sunderland 

212  Hall,  Wit,  Murton  Colliery,  via  Sunderland 

213  Hall,  William  F.,  Haswell  Colliery,  Haswell,   via  Sunderland 

(Member  of  Council) 

214  Hallas,  G.  H. ,  Wigan  and  Winston  Coal  Co. ,  Limited,  Prescot   . . . 

215  Hallimond,  Wm    Tasker,  Estate  Manager  Randt  Coal  Mining 

and  Land  Company,  Ld.,  P.O.  Box  506,  Johannesburg,  Z.A.R. 

216  Halse,  Edward,  15,  Clarendon  Road,  Notting  Hill,  London,  W.  . . , 

217  Hamilton*,  E.,  Pag  Wood,  Saltburn-by-the-Sea      

218  Haxn,  Edmund,  Aberaman,  Aberdare 

219  Harbottle,  W.  H. ,  Orrell  Coal  and  Cannel  Co.,  near  Wigan     ... 

220  Hargreaves,  William,  Roth  well  Haigh,  Leeds   ...         

221  Harle,'  Richard,  Browney  Colliery,  Durham 

222  Harle,  William,  Pagebank  Colliery,  near  Durham 

223  Harris,  W.  S. ,  Kibblesworth,  Gateshead-on-Tyne 

224  Harrison,  R.,  Eastwood,  near  Nottingham 

225  Harrison,  W.  B.,  Brownhills  Collieries,  near  Walsall     ... 

226  Hay,  J.,  Jun. ,  Widdrington  Colliery,  Acklington... 

227  Head,  Jeremiah,  Queen's  Square,  Middlesbro' 

228  Hedley,  J.  J.,  Derwent  Cote  House,  Lintz  Green  Station 

229  Hedley,  J.  L.,  1,  Lovaine  Crescent,  Newcastle-upon-Tyne  (M em- 

ber of  Council ) 

230  Hedley,  Sept.  H. ,  Bank  Chambers,  Wakefield      

231  Hedley,  W.  H. ,  Consett  Collieries,  Medomsley,  Newcastle-on-Tyne 

232  Henderson,  H,  Pelton  Colliery,  Chester-le-Street  

233  Henderson,  Jos.  J.,  U.S.  Engineeer's  Office,  Kingsbridge,  New 

York,  U.S.A 

234  Henshaw,  A.  Mayon,  Talk-o'-th'-Hill  Coll.,  Stoke-on-Trent      ... 

235  Heppell,  T.,  Leafield  House,  Birtley,  Chester-le-Street 

236  Heslop,  C,  Upleatham  and  Lingdale  Mines,  Upleatham,  R.S.O., 

Yorkshire 

237  Heslop,  Grain<;er,  Deptford  Hall,  Sunderland     

238  Heslop,  Thomas,  Storey  Lodge  Colliery,  Cockfield,  via  Darlington 
239*Hewitt,  G.  C,  Coal  Pit  Heath  Colliery,  near  Bristol       

240  Hewlett,  A.,  Haseley  Manor,  Warwick 

241  Higson,  Jacob,  J.  &  P.  Higson,  18,  Booth  Street,  Manchester   ... 

242  Hill,  William,  Carterthorne  Colliery  Offices,  Witton-le-Wear   ... 
243*Hilton,  J.,  72,  Hawkshead  Street,  Southport 

244  Hilton,  T.  W.,  F.G.S.,  Wigan  Coal  and  Iron  Co.,  Limited,  Wigan 

245  Hodgson,  John,  Edmondsley  Colliery,  Chester-le-Street 

246  Holliday,  Martin  F.,  Langley  Grove,  Durham    ... 

247  Hollis,  Henry  Wm.,  North  Lodge,  Darlington 

248  Holmes,  C,  Grange  Hill,  near  Bishop  Auckland  ... 

249  Homer,  Charles  J.,  Mining  Engineer,  Stoke-on-Trent 

250  Hood,  A. ,  6,  Bute  Crescent,  Cardiff 
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Kit 

•_V)1   Hopkins,  Edwabd,  Weardale  Place,  St.  John'B  Chape] Oct.  12,  1889 

252  Hobsley,  W  ,  Wliiteliill  Point,  Percy  Main,  Newcastle-on-Tyne  Mm.  5,  1857 

253  Hoskold,  H.  I).,  C  and  M.K.,  F.R.G.S.,   F.G.S.,  M.  Soc  A., 

&c  ,  Inspector  General  of  Mines  of  the  Argentine  Republic, 
and   Director  of  the  National    Department   of    Mines  and 

Geology,  Casilla,  Correos,  900,  Buenos  Ayres April  1,  1871 

•_'">i  Humble,  John,  West  Pelton,  Chester-le-Street     Mar.  4,  1871 

255  Hunter,  J Mar.  6,1869 

256  Jackson,  C.  (<.,  Anderton  Hall,  near  Chorley        June  4,  1870 

257  Jackson,  \V.  <!.,  Hicklam   House,  Aberford,  near  Leeds June  7,  1^7.'! 

258  JACQUES,  J.  ROUTLEDGE,  Box  21,  Heidelberg,  Transvaal,  S.A.R.  June  8,  1889 
25!)  JabBATT,  J.,  Houghton  Main  Colliery,  near  Barn&ley       Nov.  2,  1867 

260  JefFCOCK,  T.  W.,  18,  Hank  Street,  Sheffield            Sept.  4,  1869 

261  JENKINS,  W.,  M.E.,  Ocean  Collieries,  Treorky,  Glamorgan         ...   Dec.  6,  1862 

262  Jenkins,  W.m.,  Consett  Iron  Works,  Consett,  Durham May  2,  lfc>74 

263  Jepson,  H.,  20,  The  Avenue,  Durham           July  2,  IsTii 

264*Joblino,  Thos.  E.,  Croft  Villa,  Blyth,  Northumberland Oct.  7,  1876 

265  Johnson,  J.,  Carlton  Main  Colliery,  Barnsley        Mar.  7,1874 

266  Johnson,  R.  S.,  Sherburn  Hall,  Durham     Aug.  21,  1S52 

267  Johnson,  W.,  Abram  Colliery,  Wigan          Feb.  14,  1874 

268  Johnson,  Wm.,  Radclitfe  Colliery,  Acklington,  Northumberland  Dec.  9,  1882 

269  Joicey,  J.  G.,  Forth  Banks  West  Factory,  Newcastle-on-Tyne  ...  April  10,  1S69 

270  Joicev,  W.  J.,  Sunningdale  Park,  Berkshire          Mar.  6,  1869 

271  Kayll,  A.  C,  Gosforth,  Newcastle-on-Tyne           Oct.  7,1876 

272  Kellett,  William,  Portland  Bank,  Southport      June  1,  1878 

273  Kendall,  John  D.,  Roper  Street,  Whitehaven                 Oct.  3,  1874 

274  Kirkby,  J.  W.,  Kirkland,  Leven,  Fife         Feb.  1,1873 

275  Kirkxp,  J.  P.,  c/o  Hyderabad  Deccan  Co.,  Secunderabad,  Deccan, 

India April  11,  1891 

276  Kirkvp,  Philip,  Cornsay  Colliery  Office,  Esh,  near  Durham      ...  Mar.  2,  1878 

277  Kirton,  Hugh,  Waldridge  Colliery,  Chester-le-Street     April  7,  1877 

278  Knowles,  John,  Westwood,  Pendlebury,  Manchester      Dec.  5,  1856 

279*Knowles,  Robert,  Ednaston  Lodge,  near  Derby April  10,  1S86 

2S0  Lamb,  R.,  Bowthorn  Colliery,  Cleator  Moor,  near  Whitehaven...  Sept.  2,  1865 

281  Lam  is,  R.  O.,  The  Lawn,  Ryton-on-Tyne      Aug.  2,1866 

252  Lamb,  Richard  W.,  29,  Great  Cumberland  Place,  London,  W. ...  Nov.  2,  1872 

253  Lancaster,  John,  Anrleld  House,  Leamington       Mar.  2,  1S65 

284  Lancaster,  John,  Auchinheath,  Southrield  and  Fence  Collieries, 

Lesmahagow            ...         ...         ...         ...         ...         ...         ...  Sept.  7,  1S78 

2S5  Landale,  A.,  Comely  Park  Place,  Dunfermline      Dec.  2,  1858 

286*Laporte,  H.,  M.E.,  Flenu,  near  Mons,  Belgium        May  5,  1877 

287  Laverick,  John  Wales,  Tow  Law  Colliery  Office,  Tow  Law, 

R.S.O.,  Co.  Durham          Dec.  11,  1882 

288  Laverick,  Robt.,  West  Rainton,  Fence  Houses     Sept.  2,  1876 

289  Lawrence,  H.,  (!  range  Iron  Works,  Durham          Aug.  1,1668 

£90  Laws,  W.  G.,  Town  Hall,  Newcastle-on-Tyne        Oct.  2,  18S0 

291  Leach,  C.  C,  Seghill  Colliery,  Northumberland Mar.  7,  1S74 

292  Leboub,  G.  A.,  M.  A.,  P.  G.S.,  Durham  College  of  Science,  Newcastle  Feb.  1,  1873 

293  Lee,  John  F.,  Castle  Eden  Colliery,  Co.  Durham June  13,  1885 
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294  Lever,  Ellis,  Fan-y-Bryn,  Colwyn  Bay      

295  Lewis,  Sir  Wtt.t.tam  Thomas,  Mardy,  Aberdare 

296  Liddell,  G.  H 

297  Liddell,  J.  M.,  3.  Victoria  Villas,  Newcastle-on-Tyne    ... 

298  Lixsley,  R.,  Cramlington  Collier}',  Northumberland 

299  Lixsley,  S.  W.,  Whitburn  Colliery,  South  Shields  

300  Lishmax,  R.  R.,  Durham  Main  Colliery,  Durham  ... 

301  Lishmax,  T.,  Jun.,  Hetton  Colliery,  Fence  Houses  [Member  of 

Council) 

302  Lishmax,  Wm.,  Holly  House,  Witton-le-Wear       

303  Lishmax,   Wm.,  Bunker  Hill,   Fence  Houses  (Vice-President, 

Member  of  Council) 

304  Lisle,  J.,  De  Beers  Mine,  Kimberley,  So.  Africa 

305  Liyeixg,  E.  H.,  52,  Queen  Anne  St.,  Cavendish  Sq. ,  London,  W. 

306  Livesey,  C,  Bradford  Colliery,  near  Manchester   ... 

307  Livesey,  T.,  Bradford  Colliery,  near  Manchester  ... 

308  Llewellix,  David  Morgan,  F.G.S.,  Glanwern  Offices,  Pontypool 

309  Logax,  "William,  Langley  Park  Colliery,  Durham  

310  Loxgbotham,  J.,  Barrow  Collieries,  Barnsley,  Yorkshire... 

311  Loxgridge,  Jethro,  Coxlodge  Colliery,  Xewcastle-on-Tyne 

312  Lowdox,  Thos.,  Colliery  Manager,  Hainsteels,  near  Durham 

313  Luptox,  A.,  F.G.S.,  6,  De  Grey  Road,  Leeds  


Sept. 
Mar. 
July 
Sept. 
June 

Nov. 


Elected. 

1S61 
1S64 
4,  1869 
6,  1875 
2,  1872 
4,  1869 
9,  1883 


Mar. 

July 

Sept. 

Aug. 

Nov. 

May 

Sept. 

May 

Dec. 

Dec. 

Nov. 


5,  1870 
1857 

7,  1S61 

2,  1872 

1,  1877 

3,  1865 
7,  1874 

14,  1881 
7,  1867 

2,  1868 
14,  1889 
14:  18S9 

6,  1869 


314  MacCabe,  H.  O.,  Russell  Vale,  Wollongong,  New  South  Wales...  Sept.  7,  1878 

315  Maddisox,  Thos.  R.,  Dirtcar  House,  near  Wakefield       Mar.  3,  1877 

316  M.addisox,  W.  H.  F.,  The  Lindens,  Darlington     June,  14,  1890 

317  Makepeace,  H.  R.,  Newcastle,  Staffordshire          Mar.  3,  1877 

318  Malixg,  C.  T.,  Ellison  Place,  Newcastle-on-Tyne Oct.  5,  1872 

319  Mammatt,  J.  E.,  C.E.,  St.  Andrew's  Chambers,  Leeds    1864 

320  Markham,  G.  E.,  Howlish  Offices,  Bishop  Auckland        Dec.  4,  1S75 

321  Market,  J.  W.,  Thornfield,  Darlington       Aug.  1,  186S 

322  Marshall,  F.  C,  Messrs.  R.  &  W.  Hawthorn,  St.  Peter's, Newcastle  Aug.  2,  1S66 

323  Martex,  E.  B.,  C.E.,  Pedmore,  near  Stourbridge July  2,  1872 

324  Martin,  Tom  Pattixsox,  Allhallows  Colliery,  Mealsgate,  Carlisle  Feb.  15,  1879 

325  Matthews,  J.,  Messrs.  R.  and  W.  Hawthorn,  Newcastle-on-Tyne  April  11,  1885 

326  Matthews,  R.  F.,  Harehope  Hall,  Alnwick Mar.  5,1857 

327  Maughax,  J.  A.,  Manager  of  the  Government  Central  Provinces' 

Collieries,  Umaria,  via  Katni,  India,  C.P.        ...         ...          ...  Nov.  7,  1863 

328  May,  G.,  Harton  Coll.  Offices,  nr.  South  Shields  (Vice-Presidext, 

Member  of Council)           ..          ...          ..        ..          ...        ...  Mar.  6,  1862 

329  McCarthy,   E.   T.,   A.R.S.M.,   co  Col.   Pigott,  Archer  Lodge, 

Charles  Road,  St.  Leonards-ou-Sea,  Sussex      ...         ...         ...  Oct.  8,  1887 

330  McCreath,  J.,  95,  Bath  Street,  Glasgow      Mar.  5,  1870 

331  McCulloch,  David,  Beech  Grove,  Kilmarnock,  N.B Dec.  4,  1875 

332  McLaren,  B.,  Heddon  Coal  and  Fire  Brick  Co.,  Wylam-on-Tyne  Dec.  10,  1883 

333  McMurtrie,  J.,  Radstock  Colliery,  Bath Nov.  7,1863 

334  Merivale,  Prof.  J.  H. .  M.  A. ,  2,  Victoria  Villas,  Newcastle-on-Tyne 

( Member  of  Council )          ...         ...         ...         ...         ...         ...  May  5,  1S77 

335*Merivale,  W.,  The  Deanery,  Ely Mar.  5,1881 

336  Mevsey-Thompsox,  A.  H,  Sun  Foundry,  Leeds April  13,  1S89 

337*Miller,  N.,  31,  Hyde  Lane,  Hyde,  near  Manchester        Oct.  5,  1S78 

338  Mitchell,  Chas.,  Jesmond,  Newcastle-on-Tyne April  11,  1S74 
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338  Mitchell,  Joseph,  Mining  Offices,  Eldon  Street,  Barnsley 

:540  Mitcheson,  George  Arthur,  Dresden,  Longton,  Staffordshire... 

341  Mitohxnson,  R.,  .lim.,  Pontop  Colliery,  Lintz  Green  Station,  Oo. 

Durham 

342  Monkhouse,  Jos.,  Gilcrux,  Cockermouth    ... 

343  Moor,  Wm.,  15,  Salem  Hill  South,  Sunderland      

344  Moore,  R.  \Vr.,  Somerset  House,  Whitehaven       

345  Moore,  William,  Loftus  Mines,  Loftus-in-Cleveland,  R.S.O.    ... 
340  Morelng,  C.  A.,  Suffolk  House,  Laurence  Pountney  Hill,  Lon- 
don, E.C 

347  Morison,  John,  Newbattle  Collieries,  Dalkeith,  N.B 

348  Morris,  W.,  Waldridge  Colliery,  Chester-le-Street         

349*Morton,  H.  J.,  2,  Westbourne  Villas,  South  ('lit!',  Scarborough  ... 

350  Mulholland,  M.  L. ,  West  Cornforth,  R.S.O.,  Co.  Durham 

351  Mundle,  Arthur,  St.  Nicholas' Chambers,  Newcastle-on-Tyne... 

352  Mundle,  W.,  Redesdale  Mines,  Bellingham  

353  Murton,  Chas.  J.,  Delaval  Ben  well  Colliery,  Newcastle-on-Tyne 

354  MuSGRAVE,  Henry,  Havereroft  Main  Colliery,  Wakefield 


355*Nasse,  Rudolph,  Geheimerbergrat,  Dornsbergstrasse,  6,  Berlin, 
W.,  Germany 

356  Nevin,  JoiiNj'Dunbottle  House,  Mirfield,  Norman  ton 

357  Nichol,  Wm.,  De  Beers  Mine,  Kimberley,  South  Africa... 
35S  Nicholson,  Marshall,  Middleton  Hall,  Leeds      

359  Noblk,  Captain,  C.B.,  F.R.S.,  F.R.A.S.,  F.C.S.,  Jesmond,  New- 

castle-upon-Tyne    ...         ...         ...         ...         ...         ...         ...  Feb.      3 

360  North,  F.  W.,  F.G.S.,  Rowley  Hall  Coll,  Dudley,  Staffordshire  Oct.      6 

361  Ogden,  John  M.,  Solicitor,  Sunniside,  Sunderland  ...         ...  Mar.      5 

362  Ogilvie,  A.  Graeme,  8,  Grove  End  Road,  St.  John's  Wood,  London  Mar.      3 

363  Ornsby,  R.  E.,  Seaton  Delaval  Colliery,  Northumberland  ...  Mar.     6 


D. 

l-M,. 

14, 

1874 

on. 

11, 

1890 

Feb. 

4, 

1865 

June 

4, 

1863 

July 

2, 

1872 

Nov. 

5, 

1870 

Nov. 

19, 

1881 

Nov. 

7, 

1874 

Dec. 

4, 

1880 

1858 

Dec. 

5, 

L866 

Dec. 

11, 

1886 

June 

5, 

1875 

Aug. 

2, 

1873 

Mar. 

6, 

1880 

June 

12, 

1886 

Sept. 

4, 

1869 

May 

2, 

1868 

Oct. 

9, 

1886 

Nov. 

7, 

1863 

364  Palmer,  Sir  Chas.  Mark,  Bart.,  M.P.,  Quay,  Newcastle-on-Tyne  !Nov. 

365  Palmer,  A.  S. ,  Usworth  Hall,  Washington  Station,  Co.  Durham  July 

366  Palmer,  Henry,  East  Howie  Colliery,  near  Ferryhill  (Member 

of  Council)         Nov. 

367  Pamely,  O,  21,  Morgan  Street,  Pontypridd,  South  Wales         ...  Sept. 

368  Panton,  F.  S.,  Silksworth  Colliery,  Sunderland Oct. 

369  Parrington,  M.  W.,  Wearmouth  Colliery,  Sunderland  (Member 

of  Council) Dec.      1 

370  Parsons,  Hon.   Charles  Algernon,  Elvaston  Hall,  Ryton-on- 

Tyne June   12 

371  Peace,  M.  W.,  Wigan,  Lancashire    ..  ...         July     2 

372  Peake,  C.  E Nov.     3, 

373  Peake,  R.  O,  Cumberland  House,  Redbourn,  Herts         Feb.      7, 

374  Pearce,  F.  H.,  Bowling  Iron  Works,  Bradford      Oct.       1, 

375  Pease,  Sir  J.  W. ,  Bart. ,  M. P. ,  Hutton  Hall,  Guisbrough,  Yorkshire  Mar.     5 

376  Peile,  William,  Cartgate,  Hensingham,  Whitehaven     Oct.       1 

377  Pickup,  P.  W.,  71,  Preston  New  Road,  Blackburn  Feb.      6 

378  Plummer,  John,  H.M.  Inspector  of  Mines,  Bishop  Auckland    ...  June     8 

379  Potter,  Addison,  C.B.,  Heaton  Hall,  Newcastle-on-Tyne  ...  Mar.     6 


1866 
1864 

1857 
1877 
1875 


1852 

1872 

1878 
1868 
1867 

1864 

1886 
1872 
1877 
1880 
1857 
1857 
1863 
1875 
1889 
1869 
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Elected. 

380  Potter,  A.  M.,  Shire  Moor  Colliery,  Earsdon,  Newcastle  (Member 

of  Council) Feb.  3,1872 

381  Potter,  C.  J  ,  Heaton  Hall,  Newcastle-on-Tyne Oct.  3,  1874 

382  Potts,  Jos.,  Jun.,  North  Cliff,  Roker,  Sunderland            Dec.  6,  1879 

383  Prest,  J.  J.,  Kimblesworth  Colliery,  Chesterde-Street     May  1,1875 

384  Prest,  T.,  Bedlington  Colliery,  R.S.O.,  Northumberland            ...  June  14,  1884 

385  Price,  J.,  6,  Osborne  Villas,  Jesmond,  Newcastle-on-Tyne          ..    Mar.  3,  1877 

386  Price,  J.  R Aug.  7,1869 

387  Price,   S.   R.,   c/o  Messrs.   Forster  Brown  and  Rees,  Guildhall 

Chambers,  Cardiff Nov.  3,  1877 

388  Pringle,  Edward,  ChoppLngton  Colliery,  Northumberland       ...  Aug.  4,  1877 

389  Pringle,  H.   A.,  The    Southern   Coal   Company  of  New  South 

Wales,  Limited,  Wollongong,  New  South  Wales        ...         ...  Dec.  4,  1880 

390*Prior,  Edward  G.,  Victoria,  British  Columbia Feb.  7,1880 

391  Proctor,  C.  P.,  Lightcliffe,  near  Halifax,  Yorkshire        Oct.  7,  1S76 

392  Ramsay,  J.  A.,  Sherburn  and  Littletown  Collieries,  near  Durham  Mar.  6,  1869 

393  Ramsay,  Wm.,  Tursdale,  Co.  Durham          Sept.  11,  1875 

394  Rathbone,  Edgar  P.,  Johannesburg,  P.O.  Box  563,  Transvaal, 

South  Africa            Mar.  7,1874 

395  Reid,  Andrew,  Newcastle-on-Tyne .  ...  April    2,  1870 

396  Rhodes,  C.  E.,  Carr  House,  Rotherham      Aug.  4,  1883 

397  Rich,  William,  Minas  de  Rio  Tinto,  Provincia  de  Huelva,  Spain  June  9,  1888 

398  Richardson,  H,  Backwortk  Colliery,  Newcastle-on-Tyne          ...  Mar.  2,1865 

399  Richardson,  J.  W.,  Iron  Shipbuilder,  Newcastle-on-Tyne         ...  Sept.  3,  1S70 

400  Richardson,    Ralph,    Eppleton    Colliery,    Fence    Houses,    Co. 

Durham         June  9,  1883 

401  Ridley,  G.,  16,  Dean  Street,  Newcastle-on-Tyne Feb.  4,  1S65 

402  Ridyard,  J.,  Bridgewater  Offices,  Walkden,  near  Bolton-le-Moors, 

Lancashire    ...         ...         ...          ..         ...         ...         ...         ...  Nov.  7,  1874 

403  Ritson,  U.  A.,  6,  Queen  Street,  Newcastle-on-Tyne          Oct.  7,  1871 

404* Robertson,   J.   R.   M.,   M.D.,  F.G.S.,  Linton    Mitson's  Point, 

Sydney,  N.  S.  W Aug.  2,  1890 

4C5  Robertson,  W.,  M.E.,  123,  St.  Vincent  Street,  Glasgow            ...  Mar.  5,  1870 

406  Robinson,  G.  C,  Brereton  and  Hayes  Coll.,  Rugeley,  Staffordshire  Nov.  5,  1870 

407  Robinson,  R.,  Howlish  Hall,  near  Bishop  Auckland  [Member  of 

Council)         Feb.  1,  1868 

408  Robson,  J.  S.j  Butterknowle  Colliery,  via  Darlington      1853 

409  Robson,  T.  O.,  Redheugh  Colliery,  Gateshead-upon-Tyne  [Member 

of  Council) Sept.  11,  1875 

410  Rochester,  William,  River  View,  Blaydon-on-Tyne      Dec.  13,  1890 

411  Rogerson,  John,  Croxdale  Hall,  Durham   ..          Mar.  6,1869 

412  Roscamp,  J.,  Shilbottle  Coll.,  Lesbury,  R.S.O.,  Northumberland  Feb  2,  1867 

413  Ross,  J.  A.  G.,  Consulting  Engineer  Newcastle-on-Tyne    July  2,1872 

414  Rosser,  W.,  J.P.,  Rhydyrhelig,  Sketty,  Swansea 1856 

415  Rothwell,  R.  P.,  27,  Park  Place,  New  York,  U.  S Mar.  5,  1870 

416  Routledge,  Jos.,  Ryhope  Colliery,  Sunderland       Sept.  11,  1875 

417  Routledge,  W.  H,  The  Rhyd,  Tredegar,  Mon. ,  Wales Oct.  7,  1876 

418  Russell,  Robert,  Coltness  Iron  Works,  Newmains,  N.B.          ...  Aug.  3,  1878 

419  Rutherford, W.,  SouthDerwent  Coll.,  Annfield  Plain,  LintzGreen  Oct.  3,  1874 

420  Ryder,  W.   J.  H.,  Messrs.  Mills  &  Sons,   Collingwood  Street, 

Newcastle-on-Tyne             ...  Nov.  4,  1876 


24  MKMIIKIIS. 

4-Jrs.visK,    Wai.tkh,    D.So.    (Loud.).    VA-.X.,   M.Inst.C.K.,   Manager 

El  I.  R.  Collieries,  Giridi,  Bengal,  India Nov.     3,  1N77 

122  Sawyer,  A.  i:.,  kaa.  i:.->.M..  F.G.S.,  late  li.M.  Ensp.  <>f  Mini 
Manager  Tranavalia  Land    Ex.  and    Mining  Co.,  Ld.,  ami 
La  France  Gold  Mg.  Co.,  Pretoria,  Transvaal.     Transactions 
to  40,  Brompton  Sq.,  London,  S.W.,   ...         ...         ...         ...  Dec.      0,  1873 

423  Soabth,  W.  'I'.,  Raby  Castle,  Staindrop,  Darlington        April    4,  1868 

i'_'i  Scott,  Andrew,  Broomhill Colliery,  Acklington Dec.      7,  l*<i7 

425  Scott,  C.  F.,  Grove  Cottage,  Leadgate,  Co.  Durham        April  11,  1874 

126  Scott,  Wai/teb,  40,  Seuhouse  Street,  Maryport     Sept.    6,  1879 

427  Scott,  Wm.,  Brancepeth  Colliery  Offices,  Wellington,  Co.  Durham  Mar.     4,  1876 

Il's  Scoular,  G.,  Cleator  Moor,  via  Carnforth July     2,  1*72 

420  Selby,  Atherton,  Leigh,  near  Manchester  Oct.     13,  1883 

430  SetM0UB,L.  lKYiN<:,DeBeersConsolidated  Mines, Ld.,  Kiinberley, 

South  Africa           Feb.  14,1891 

431  Shaw,  W.,  Wellington  Cast  Steel  Foundry,  Middlesbrough        ...  June  3,  1871 

432  Shiel,  Joh.v,  Framwellgate  Colliery,  Co.  Durham            May  6,1871 

433  Shipley,  T.,  Woodland  Colliery  Oliice,  Woodland,  Butterknowle, 

R.S.O.,  Co.  Durham  Aug.     2,  1884 

434  Shone,  Isaac,  Great  George  Street  Chambers,  Parliament  Scmare, 

London,  S.W 1858 

435  Shore,  Wm.   Martin,  Manager,  Kaitangata  Railway  and  Coal 

Co. 's  Collieries,  Otago,  New  Zealand     ...         ...         ...         ...  A 

436  Shute,  C.  A.,  Portland  House,  Eastbourne,  Darlington April  11, 

437  Simpson,  F.  L.  G.,  Mohpani  Coal  Mines,  Gadawarra,  C.P.,  India  Dec. 

438  Simpson,  F.  R.,  Connock  Chase  Colliery,  Walsall Aug. 

439  Simpson,  J.,  Heworth  Colliery,  near  Gateshead-on-Tyne  ...  Dec. 

440  Simpson,    J.    B.,    F.G.S.,    HedgefieM    House,    Blaydon-on-Tyne 

(President,  Member  of  Council)  Oct. 

441  Simpson,  R.,  Moor  House,  Ryton-on-Tyne  ..  Aug. 

442  Slinn,  T.,  Plashetts  Colliery,  Falstone,  Northumberland  ...  July 

443  Smith,  Eustace,  Wire  Rope  Manufacturer  &Shipbuilder,Newcastle  June 
444*Smith,  R.  Clifford,  F.G.S.,  Ashford  Hall,  Bakewell      Dec. 

445  Smith,  T.  E.,  Phcenix  Foundry,  Newgate  St. ,  Newcastle-on-Tyne  Dec. 

446  Sopwith,  A.,  Cannock  Chase  Collieries,  near  Walsall      ...         ...  Aug. 

447  Sopwith,  Thos.,  6,  Great  George  St.,  Westminster,  London,  S.W.  Mar. 
44S  Southern,  E.  O.,  Ashington  Colliery,  near  Morpeth        Dec. 

449  Southern,  R. ,  Burleigh  House,  The  Parade,  Tredegarville,  Cardiff  Aug. 

450  Southworth,  Thos.,  Hindley  Green  Collieries,  near  Wigan       ...  May 

451  Spence,  R.  F.,  Cramlington,  R.S.O.,  Northumberland     Nov. 

452  Spencer,  Francis  H.,  Robinson  Gold  Mining  Co.,  Witwatersrand  Dec. 

453  Spencer,  John,  Westgate  Road,  Newcastle-on-Tyne        ...         ...  Sept. 

454  Spencer,  John  W.,  Newburu,  near- Newcastle-on-Tyne  ...         ...  May 

455  Spencer,  T.,  Ryton,  Newcastle-on-Tyne      Dec. 

456  Stansfeld,  Harold  Sinclair,  Flockton  Manor,  Wakefield        ...  Oct. 

457  Steavenson,  A.  L., Durham  (Vice-President,  Member  of  Council)  Dec. 

458  Stephenson,  G.  R. ,  9,  Victoria  Cham. ,  Westminster,  London,  S.  W.  Oct. 

459  Stevens,  James,  9,  Fenchurch  Avenue,  London,  E.C Feb. 

460  Stobart,  F.,  Biddick  Hall,  Fence  Houses Aug. 

461  Stobart,  H.  T.,  Wearmouth  Colliery,  Sunderland  ...         ...  Oct. 

462  Stobart,  W. ,  Pepper  Arden,  Northallerton  July 

463  Stobart,  Wm.  Ryder,  Etherley  Lodge,  Darlington  Oct. 
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MEMBERS.  25 

Elected. 

464  Stoker,  Arthur  P.,  Birtley,  near  Chester-le-Street        Oct.  6,  1877 

465  Storey,  THOS.E.,Clough  Hall  Iron  Works,  Kidsgrove,  Staffordshire  Feb.  5,  1872 

466  Straker,  J.  H.,  Stagshaw  House,  Corbridge-on-Tyne      Oct.  3,  1874 

467  Stratton,    T.    H.    M.,    Cramlington    House,    Northumberland 

(Member  of  Council)         Dec.  3,1870 

468  Streatfield,  Hugh  S.,  Ryhope  Colliery,  near  Sunderland         ...  June  8,  1889 

469  Swallow,  J.,  Bushblades  House,  Lintz  Green,  Newcastle-on-Tyne  May  2,  1874 

470  Swallow,  R.  T.,  Wardley  Hall,  Newcastle-on-Tyne        1862 

471  Swan,  H.  F.,  Beaufront  Castle,  Hexham Sept.  2,1871 

472  Swan,  J.  G. ,  Upsall  Hall,  near  Middlesbrough      ...         ...         ..    Sept.  2,1871 

473  Tate,  Simon,  Trimdon  Grange  Colliery,  Co.  Durham  (Member  of 

Council          Sept.  11,  1875 

474  Taylor,  Hugh,  King  Street,  Quay,  Newcastle-on-Tyne Sept.  5,  1856 

475  Taylor,  T.,  Quay,  Newcastle-on-Tyne         July  2,  1872 

476  Taylor-Smith,  Thomas,  Heathdale,  Gosforth,  Newcastle-on-Tyne  Aug.  2,  1866 

477  Telford,  W.  H.,  Hedley  Hope  Collieries,  Tow  Law,  R.S.O.,  Co. 

Durham Oct.  3,  1874 

478  Thompson,  Charles  Lacy,  Milton  Hall,  Carlisle Feb.  10,  1883 

479  Thompson,  R.,  Jun.,  19,  The  Crescent,  Gateshead            Sept.  7,  1867 

480  Thompson,    W.,     Ross    Buildings,    Charters    Towers,    North 

Queensland,  Australia       Aug.  4,  1888 

481  Thomson,  John,  Eston  Mines,  by  Middlesbrough April    7,1877 

482  Thomson,  Jos.  F.,  Manvers  Main  Colliery,  Rotherham Feb.  6,  1875 

483  Tinn,  J.,  C.E.,  Ashton  Iron  Rolling  Mills,  Bedminster,  Bristol...  Sept.  7,  1867 

4S4  Todd,  John  T,  Bedford  Lodge,  Bishop  Auckland Nov.  4,1876 

485*Tyers,  John  E.,  Nerbudda  Coal  and  Iron  Company,  Limited, 

Mohpani  Coal  Mines,  via  Gadawarra,  C.  Provinces,  India    ...  Dec.  10,  1887 

486  Tyzack,  D.,  F.G.S.,  Mining  Institute,  Newcastle-upon-Tyne     ...  Feb.  14,  1874 

487  Varty,  Thomas,  Skelton  Park  Mines,  Skelton,  R.S.O.,  Cleveland  Feb.  12,  1887 

488  Vitanoff,  Geo.  N.,  Sophia,  Bulgaria  April  22,  1882 

489  Vivian,  John,  Diamond  Boring  Company,  Whitehaven Mar.  3,  1877 

490  Waddle,  Hugh,  Llanmore  Iron  Works,  Llanelly,  South  Wales...  Dec.  13,  1890 

491  Wadham,  E.,  C.  and  M.E.,  Millwood,  Dalton-in-Furness           ...  Dec.  7,  1867 

492  Wain,  Wm.  Holt,  Podmore  Hall  Coll.,  Newcastle-under-Lyne  Feb.  12,  1887 

493  Walker,  J.  S.,  Pagefield  Iron  Works,  Wigan,  Lancashire         ...  Dec.  4,  1869 

494  Walker,  Sydney  Ferris,  196,  Severn  Road,  Canton,  Cardiff   ...  Dec.  9,  1882 

495  Walker,  W.,  Hawthorns,  Saltburn-by-the-Sea     Mar.  5,  1870 

496  Walker,  Wm.,  Jun.,  H.M.  Inspector  of  Mines,  Durham Aug.  3,  1889 

497  Walker,  William  Edward,  Lowther  Street,  Whitehaven        ...  Nov.  19,1881 

498  Wallace,  Henry,  Trench  Hall,  Gateshead           Nov.  2,1872 

499  Wallau,  Jacob,  Messrs.  Black,  Hawthorn,  and  Co.,  Gateshead  ...  Dec.  10,  1887 

500  Walton,  J.  Coulthard,  Writhlington  Coll.,  Radstock,  da  Bath  Nov.  7,  1874 

501  Ward,  H.,  Rodbaston  Hall,  near  Penkridge,  Stafford      Mar.  6,  1862 

502* Ward,  T.  H.,  F.G.S.,  Ainlea  House,  Alexandra  Road,  Crosby, 

near  Liverpool         Aug.  7,1882 

503  Watkyn-Thomas,  W.,  M.E.,  Mineral  Office,  Cockermouth  Castle  Feb.  10,  1883 

504  Watson,  Thomas,  Trimdon  Colliery,  Trimdon  Grange     Oct.  11,1890 

505  Wears,  W.  G June  9,  1888 

506  Webster,  H.  Ingham,  Morton  House,  Fence  Houses        April  14,  1883 

d 


26 


,")07  WEEKS,  J.  <!.,  Bedlington,  R.S.O.,  Northumberland        

508  Weeks,  R.  L.,  Willington,  Co.  Durham  (Member  of  Council)  ... 

509  Westmacott,  l\  G.  B.,  Elswick  Iron  Works,  Newcastle 

510  White,  C.  E.,  Bebburn  Colliery,  near  Newcastle-on-Tyne 

511  WHITE,  H.,  Walker  Colliery,  Newcastle-on-Tyne 

512  White,  J.  F.,  M.E.,  Wakefield         

513  White,  J.  W.  H.,  Woodlesford,  near  Leeds  

514  Whitehead,  James,  Brhidle  Lodge,  near  Preston,  Lancashire   ... 

515  Whitelaw,  John,  118,  George  Street,  Edinburgh 

516  Whittem,  Thos.  S.,  Wykeii  Colliery,  near  Coventry       

517  Widdas,  C,  North  Bitchburn  Colliery,  Howden,  Darlington     ... 

518  Wight,  Edwd.  S.,  Mount  Keiron  Colliery,  Wolloiigong,  N.S.W.... 

519  Wi« mit,  W.  H.,  Cowpen  Colliery,  Blyth       

520  Wilson,  J.  B.,  Wingfield  Iron  Works  and  Colliery,  Alfreton   ... 

521  Wilson,  J.  D.,  Ouston  House,  Chester-le-Street 

522  Wilson,  John  Robinson,  c/o  T.  A.  Walker,  Esq.,  Contractor, 

Manchester  Ship  Canal,  Manchester 

523  Wilson,  Robert,  Flimby  Colliery,  Maryport         

524  Wilson,  W.  B.,  Thornley  Coll.,  by  Trinidon  Grange,  Co.  Durham 

525  Winstanley,  Robt.  ,  M.E.,  28,  Deansgate,  Manchester 

526  Wtinter,  T.  B.,  Grey  Street,  Newcastle-on-Tyne 

527  Wood,  C.  L.,  Freeland,  Forgandenny,  Perthshire 

528  Wood,    Lindsay,    The     Hermitage,     Chester-le-Street     (Past- 

President,  Member  of  Council ) 

529  Wtood,  Thomas,  Rainton  House,  Fence  Houses     ... 

530  Wood,  W.  H.,  Coxhoe  Hall,  Coxhoe,  County  Durham     

531  Wood,  W.  O.,  South  Hetton,  Sunderland  ( Member  of  Council)  ... 

532  Woolcock,  Henry,  St.  Bees,  Cumberland 

533  Wormald,  C.  F.,  Mayfield  Villa,  Saltwell,  Gateshead-on-Tyne    ... 

534  Wrightson,  T.,  Stockton-on-Tees     
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535  Young,  John  A.,  7,  Tyne  Vale  Terrace,  Gateshead 


Dec.    10,  1887 
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Marked  *  are  Life  Associate  Members. 

1  Armstrong,  J.  H.  St.  Nicholas' Chambers,  Newcastle-on-Tyne  ...  Aug.^l^isSo 

2  Armstrong,  T.  J.,  Hawthorn  Terrace,  Newcastle-on-Tyne         ...  Feb.     10,'  1883 

3  Audus,  T.,  Mineral  Traffic  Manager,  North   Eastern   Railway, 

Newcastle-on-Tyne Aug-     ^  mQ 

4*Bell,  Thos.  Hugh,  Middlesbrough-on-Tees Dec     n    1882 

5  Brough,   Bennett  H,   A.R.S.M.,   F.G.S.,   5,   Robert    Street, 

.    Adelphi,  London,  W.C Dec.    10,  1887 

6  Burdon,  A.  E.,  Hartford  House,  Cramlington,  Northumberland  Feb.    10,  1883 

7*Carr,  William  Cochran,  Benwell  Colliery,  Newcastle-on-Tyne...  Oct.     11,  1890 

8  Cochrane,  Ralph  D.,  Hetton  Colliery  Offices,  Fence  Houses    ...  June     1,'  1878 

9  Cockburn,  W.  C,  1,  St.  Nicholas'  Buildings,  Newcastle-on-Tyne     Oct.       8'  1887 

10  Cooper,  R,  W.,  Solicitor,  Newcastle-on-Tyne        Sept.     4,'  1880 

11  Edwards,  F.H.,  Forth  House,  Bewick  Street,  Newcastle-on-Tyne  June  11,  1887 

12  Fletcher,  William,  Brigham  Hill,  via,  Carlisle Oct.    13,1883 

13  Guthrie,  Reginald,  Neville  Hall,  Newcastle  (Treasurer)        ...  Aug.     4,  1888 

14  Hedley,  E.,  Rainham  Lodge,  The  Avenue,  Beckenham,  Kent   ...  Dec.      2,  1871 

15  Hedley,  J.  Hunt,  John  St.,  Sunderland     june   13' 1891 

16  Hedley,  T.  F.,  Jim.,  Valuer,  Sunderland April  23,'  1887 

17  Henderson,  C.  W.  C,  The  Riding,  Hexham         ".".'  Dec.    11,'  1882 

18  Henzell,  Robt.,  Oil  Manufacturer,  Close,  Newcastle-on-Tyne  ...  April  llj  1891 

19  Hooper,  Edward,  c/o  J.  H.  Hooper,  College  Precincts,  Worcester  June     4,  1881 

20  Hopper,  J.  I. ,  Wire  Rope  Manufacturer,  Tyne  Dock,  South  Shields  Dec.      3,  1888 

21  Irvine,  Joseph  R.,  Hendon  Ropery,  Sunderland Dec.    10,  18S7 

22*Pease,  Arthur,  Darlington Dec     u    18§0 

23*Proctor,   John   H,    Ironmonger,  29,  Side,   Newcastle-on-Tyne  June     8,'  1889 

24  Redmayne,  R.  Norman,  Chemical  Manufacturer,  &c,  26,  Grey 

Street,  Newcastle-on-Tyne  Oct      12   1889 

25  Ridley,  Sir  Matthew  W.,  Bart.,  M.P.,  Blagdon,  Northumberland  Feb.    10,'  1883 

26  Scurfield,  George  J.,  Hurworth-upon-Tees,  Darlington  ...  Dec.    11,  1882 

27  Shaw,  Saville,  Durham  College  of  Science,  Newcastle-on-Tyne  April  13,  1889 

28  Topley,  William,  F.R.S.,  F.G.S.,  of  H.M.  Geological  Survey, 

28,  Jermyn  Street,  London,  S.W Oct.     12   1889 

29  Wilson,  Arthur  P.,  Mansion  House  Chambers,  Queen  Victoria 

Street,  London,  E.C.         ..!         Aug.      3>  1889 


28  oCIATKS. 

Bub  i  m> 

1  Barrass,  M.,  Tuclhoe  Colliery,  Spcnnymoor  Dec.    10,1883 

2  Bates,  Sidney,  The  Grange,  Prudhoe-on-Tyne      Feb.     8,1890 

3  Bell,  John',  Wardley  Colliery,  Newcastle-on-Tyne  Feb.      8,  1890 

4  Chandley,  Charles,  Aberdare,  South  Wales        Nov.     0,  1880 

5  Cheesman,  Ed.  Taylor,  Blaydon  Main  Coll.,  Blaydon-on-Tyne  Aug.     2,  1890 
0  Clare,  Thomas,  Dipton  Colliery,  Lintz  Green  Station     Oct.     11,  1890 

7  Draper,  William,  New  Seaham  Colliery,  Sunderland     Dec.  -14,  1889 

8  Forstek,  John  William, 24,  Silksworth  Terrace,  NewSilksworth, 

Sunderland Dec.     14,  1889 

9  Fryar,  John   William,  Seghill  Coll.,  Seghill,  Northumberland  June   14,  1890 

10  Griffiths,  Ed.,  High  Street,  Coedpoeth,  Wrexham         ...         ...  June    13,  1S91 

11  Guy,  John  George,  M.E.,  8,  South  Terrace,  Jobs  Hill,  Crook, 

R.S.O.,  Co.  Durham  Aug.     3,  1889 

12  Hall,  John  Charles,  Pegswood  Colliery,  near  Morpeth  ...  Dec.    14,  1889 

13  Hepburn,  Thomas,  Langley  Park,  Durham Feb.      8,1890 

14  Mackintosh,  Thos.  L.,  Waterloo,  Blyth     April  11,  1S91 

15  Mason,  Ben j.,  Burnopfield,  R.S.O.,  Durham         April  11,1891 

16  Nicholson,  J.  H.,  Scaton  Delaval  Colliery,  Northumberland     ...  Oct.       1,  1881 

17  Oates,  Robert  J.  W.,  Manager  Rajdoha  Mining  Co.,  Limited, 

via    Kalkapur,     P.O.,     Dhalbhooin,     District    Singhbhoom, 

Bengal,  India  Feb.    10,  1883 

18  Parkinson,  Wh,,  5,  Elm  Street,  South  Moor,  Chester  de-Street...  June   13,  1891 

19  Richardson,  Robert,  Throckley  Colliery,  Newcastle-on-Tyne  ...  Feb.      8,  1890 

20  Riddell,  John,  Shilbottle  Colliery,  Lesbury,  R.S.O.,  Northum- 

berland          »         ...  Dec.    14,  1889 

21  Ridley,  Geo.  D.,  Tudhoe  Colliery,  Spennymoor     Feb.      8,  1890 

22  Rontree,  Thomas,  Harton  Colliery,  South  Shields  Aug.     2,  1890 

23  Shaw,  John,  Cramlington  Colliery,  Northumberland       April  11,  1891 

24  Southern,  John,  Heworth  Colliery,  Newcastle-on-Tyne Dec.    14,  1889 

25  Steavenson,  C.  H.,  Brotton  Mines,  Brotton,  R.S.O.,  Yorkshire...  April  14,  1S83 

26  Stephenson,  William,  Garesfield  Colliery,  Lintz  Green Dec.    13,  1890 

27  Walton,  Matthew,  Dearham  Colliery,  Carlisle     Dec.    14,1889 

28  Watson,  Andrew,  New  Seaham  Colliery,  Sunderland      Feb.      8,  1890 
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Elected. 

1  Andrews,  Geo.  Murray,  B.A.,  Broomhill  Coll.,  Northumberland  Oct.     11,  1890 

2  Bell,  Walter,  23,  Windsor  Crescent,  Newcastle  .. 

3  Bitzos,  N.  J.,  Broomhill  Colliery,  Acklington        

4  Brown,  Westgarth  F. ,  Alston  House,  Cardiff 

5  Burn,  Frank  H.,  Beaconsfield,  Cullercoats  

6  Carr,  John  Evelyn,  Cowpen  Colliery,  Blyth,  Northumberland 

7  Cochrane,  Napier,  Aldin  Grange,  Durham 

8  Cole,  Colin,  De  Beers  Mine,  Kimberley,  vSouth  Africa     ... 

9  Crawford,  James  Mill,  Murton  Colliery,  near  Sunderland 

10  Forster,  George  W.,  Heworth  Colliery,  near  Newcastle-on-Tyne  Oct.      8,  1887 

11  Gallwey,  A.  P.,  c/o  Ed.  Chester,  Esq.,  Box  138,  Post  Office, 

Johannesburg,  Z.A.R Oct.       2,  1S80 

12  Haggie,  Douglas,  Thorncliffe  Iron  Works,  Sheffield        April  14,  1883 

13  Hall,  Fred.  W.,  Durham  Road,  Leadgate,  Co.  Durham  ...  June     8,  1888 

14  Hare,  Samuel,  Brymbo  Collieries,  near  Wrexham,  North  Wales    Aug.     2,  1879 

15  Hay,  William,  J  un. ,  Woodview  House,  Stanton,  Burton-on-Trent  Dec.     10,  1883 

16  Hurst,  George,  58,  Eldon  Street,  Newcastle-upon-Tyne April  14,  1883 

17  Hutt,  E.  H.,  Holdfast  Main  Reef  Gold  Mining  Company,  Limited, 

Boksburg,  Z.  A.  R.  Aug.     4,  1883 

18  Kellett,  Matthew  H.,  Castle  Eden  Colliery,  near  Castle  Eden    April  11,  1891 

19  McMurtrie,  G.  E.  J.,  Foxes  Bridge  Coll.,  Cinderford,  Gloucester- 

shire   Aug.     2,  1884 

20  Mordy,  Wm.,  Kimblesworth  Colliery,  Chester-le-Street April  11,  1891 

21  Nicholson,  A.  D.,  Elemore  Colliery,  Fence  Houses,  Co.  Durham     June   13,  1885 

22  Patterson,  Thomas,  Craghead,  Chester-le-Street...  April  13,  1889 

23  Potter,  E.  A.,  Cramlington,  Northumberland       Feb.      6,  1875 

24  Pringle,  Hy.  Geo.,  Tanfield  Lea  Colliery,  Lintz  Green  Station, 

Newcastle     Dec.      4,  1880 

25  Redmayne,  R.  A.  S.,  Manager,  Walmsley  Collieries,   Limited, 

near  Newcastle,  Natal,  South  Africa     ...         ...  Dec.     13,1884 

26  Ridley,    Wm.,     South    Tanfield    Colliery,     Stanley,     R.S.O., 

Newcastle-on-Tyne Dec.    11,  1882 

27  Ritson,  Jno.  Ridley,  High  Marley  Hill,  Whickham,  R.S.O.     ...  April  11,  1891 

28  Scott,  Joseph  S.,  East  Hetton  Colliery,  Coxhoe,  Co.  Durham  ...  Nov.   19,  1881 

29  Shdte,  Wm.  Ashley,  Portland  House,  Eastbourne,  Darlington      April  11,  1885 

30  Stanton,  Philip,  Trimdon  Grange,  Co.  Durham Dec.      8,  1888 

31  Sykes,  Frank  K. ,  Springwell  Villa,  Bishop  Auckland      Feb.     13,1886 

32  Waugh,  C.  L. ,  Ff alda  Steam  Coal  Coll. ,  Garw  Valley,  nr.  Bridgend  Nov.    19,  1881 

33  Weightman,  Percy  O.,  Sheffield  Road,  Woodhouse,  near  Sheffield  Oct.     12,  1889 

34  Wood,  John,  Coxhoe  Hall,  Coxhoe,  R.S.O.,  Co.  Durham  ...  June     8,  1889 

35  Yeoman,  Thomas,  Brandon  Colliery,  Co.  Durham  Feb.    14,  1885 

36  Zumbuloglon,  Geo.  Chrisostom,  Broomhill  Colliery,  Acklington  Feb.    14,  1891 


30  SUBSCRIBERS. 


Sbubntxibm  mxbtx  ^g^-Iato  19. 


1  Owners  of  Ashington  Colliery,  Newcastle-upon-Tyne. 

2  Birtley  Iron  Company,  Birtley. 

3  Bridgewater  Trustees,  c/o  Clifford  Smith,  Esq.,  Bridgewater  Offices,  Walkden, 

Bolton-le-Moors,  Lancashire. 

4  Marquess  of  Bute. 

5  Earl  of  Durham,  Lambton  Offices,  Fence  Houses. 

6  Haswell  Coal  Company,  Haswell  Colliery,  Haswell,  lia  Sunderland. 

7  Hetton  Coal  Company,  Fence  Houses. 

8  Hutton  Henry  Coal  Company,  Limited,  7,  Bondgate,  Darlington. 

9  Marquess  of  Londonderry,  c/o  V.  W.  Corbett,  Esq.,  Londonderry  Offices,  Seaham 

Harbour. 

10  North  Brancepeth  Coal  Company,  Limited,  7,  Bondgate,  Darlington. 

11  Owners  of  North  Hetton  Colliery,  Fence  Houses. 

12  Ryhope  Coal  Company,  Sunderland. 

13  Owners  of  Seghill  Colliery,  Seghill,  Northumberland. 

14  Owners  of  South  Hetton  and  Murton  Collieries,  50,  John  Street,  Sunderland. 

15  Owners  of  Stella  Colliery,  Hedgefield,  Blaydon-on-Tyne. 

16  Owners  of  Throckley  Colliery,  Newcastle-upon-Tyne. 

17  Owners  of  Victoria  Garesfield  Colliery,  c/o  George  Peile,  Esq.,  Shotley  Bridge, 

co.  Durham. 

IS  Owners  of  Wearmouth  Colliery,  Sunderland. 
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CHARTER 

or 

THE    NORTH    OF    ENGLAND 

institute  of  §ptM0  aiiir  gprjanral  (ffiupittrs. 


FOUNDED  1852. 
INCORPORATED  NOVEMBER  28th,  1876. 


ICI0nHj  by  the  Grace  of  God,  of  the  United  Kingdom,  of  Great 
Britain  and  Ireland,  Queen,  Defender  of  the  Faith,  to  all  to  whom 
these  Presents  shall  come,  Greeting-  : 

"Whereas  it  has  been  represented  to  us  that  Nicholas  Wood,  of  Hetton, 
in  the  County  of  Durham,  Esquire  (since  deceased)  ;  Thomas  Emerson 
Forster,  of  Newcastle-upon-Tyne,  Esquire  (since  deceased)  ;  Sir  George 
Elliot,  Baronet  (then  George  Elliot,  Esquire),  of  Houghton  Hall, 
in  the  said  County  of  Durham,  and  Edward  Fenwick  Boyd,  of  Moor 
House,  in  the  said  County  of  Durham,  Esquire,  and  others  of  our  loving 
subjects,  did,  in  the  year  one  thousand  eight  hundred  and  fifty  two,  form 
themselves  into  a  Society,  which  is  known  by  the  name  of  The  North  op 
England  Institute  of  Mining  and  Mechanical  Engineers,  having 
for  its  objects  the  Prevention  of  Accidents  in  Mines  and  the  advancement 
of  the  Sciences  of  Mining  and  Engineering  generally,  of  which  Society 
Lindsay  "Wood,  of  Southill,  Chester-le-Street,  in  the  County  of  Durham, 
Esquire,  is  the  present  President.  And  whereas  it  has  been  further 
represented  to  us  that  the  Society  was  not  constituted  for  gain,  and  that 
neither  its  projectors  nor  Members  derive  nor  have  derived  pecuniary 
profit  from  its  prosperity  ;  that  it  has  during  its  existence  of  a  period  of 
nearly  a  quarter  of  a  century  steadily  devoted  itself  to  the  preservation  of 
human  life  and  the  safer  development  of  mineral  property ;  that  it  has 
contributed  substantially  and  beneficially  to  the  prosperity  of  the  country 
and  the  welfare  and  happiness  of  the  working  members  of  the  community  ; 
that  the  Society  has  since  its  establishment  diligently  pursued  its  aforesaid 
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objects,  and  in  so  doing  has  made  costly  experiments  and  researches  with 
a  view  to  the  saving  of  life  by  improvements  in  the  ventilation  of  mines, 
by  ascertaining  the  conditions  under  which  the  safety  lamp  may  be  relied 
on  for  security;  that  the  experiments  conducted  by  the  Society  have  re- 
lated to  accidents  in  mines  of  every  description,  and  have  not  been  limited 
to  those  proceeding  from  explosions  ;  that  the  various  modes  of  getting 
coal,  whether  by  mechanical  appliances  or  otherwise,  have  received  careful 
and  continuous  attention,  while  the  improvements  in  the  mode  of  working 
and   hauling  belowground,  the  machinery  employed  for  preventing  the 
disastrous  falls  of  roof  underground,  and  the  prevention  of  spontaneous 
combustion  in  seams  of  coal  as  well  as  in  cargoes,  and  the  providing 
additional  security  for  the  miners  in  ascending  and  descending  the  pits, 
the  improvements  in  the  cages  used  for  this  purpose,  and  in  the  safe- 
guards against  what  is  technically  known  as  "  overwinding,"  have  been 
most  successful  in  lessening  the  dangers  of  mining,  and  in  preserving 
human  life  ;  that  the  Society  has  held  meetings  at  stated  periods,  at  which 
the  results  of  the  said  experiments  and  researches  have  been  considered 
and  discussed,  and  has  published  a  series  of  Transactions  filling  many 
volumes,  and  forming  in  itself  a  highly  valuable  Library  of  scientific 
reference,  by  which  the  same  have  been  made  known  to  the  public,  and 
has  formed  a  Library  of  Scientific  Works  and  Collections  of  Models  and 
Apparatus,  and  that  distinguished  persons  in  foreign  countries  have  availed 
themselves  of  the  facilities  afforded  by  the  Society  for  communicating 
important  scientific  and  practical  discoveries,  and  thus  a  useful   inter- 
change of  valuable  information  has  been  effected  ;  that  in  particular,  with 
regard  to  ventilation,  the  experiments  and  researches  of  the  Society, 
which  have  involved  much  pecuniary  outlay  and  personal  labour,  and  the 
details  of  which  are  recorded  in  the  successive  volumes  of  the  Society's 
Transactions,  have  led  to  large  and  important  advances  in  the  practical 
knowledge  of  that  subject,  and  that  the  Society's  researches  have  tended 
largely  to  increase  the  security  of  life ;  that  the  Members  of  the  Society 
exceed  800  in  number,  and  include  a  large  proportion  of  the  leading 
Mining  Engineers  in  the  United  Kingdom.     And  whereas  in  order  to 
secure  the  property  of  the  Society,  and  to  extend  its  useful  operations, 
and  to  give  it  a  more  permanent  establishment  among  the  Scientific 
Institutions  of  Our  Kingdom,  We  have  been  besought  to  grant  to  the  said 
Lindsay  Wood,  and  other  the  present  Members  of  the  Society,  and  to 
those  who  shall  hereafter  become  Members  thereof,  our  Royal  Charter  of 
Incorporation.     Now  know  ye  that  We,  being  desirous  of  encouraging  a 
design  so  laudable  and  salutary,  of  our  especial  grace,  certain  know- 
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ledge,  .and  mere  motion,  have  willed,  granted,  and  declared,  and  do,  by 
these  presents,  for  us,  our  heirs,  and  successors,  will,  grant,  and  declare, 
that  the  said  Lindsay  Wood,  and  such  others  of  our  loving  subjects 
as  are  now  Members  of  the  said  Society,  and  such  others  as  shall  from 
time  to  time  hereafter  become  Members  thereof,  according  to  such 
Bye-laws  as  shall  be  made  as  hereinafter  mentioned,  and  their  successors, 
shall  for  ever  hereafter  be,  by  virtue  of  these  presents,  one  body,  politic 
and  corporate,  by  the  name  of  "  The  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,"  and  by  the  name  aforesaid  shall 
have  perpetual  succession  and  a  Common  Seal,  with  full  power  and 
authority  to  alter,  vary,  break,  and  renew  the  same  at  their  discretion,  and 
by  the  same  name  to  sue  and  be  sued,  implead  and  be  impleaded,  answer 
and  be  answered  unto,  in  every  Court  of  Us,  Our  heirs  and  successors,  and 
be  for  ever  able  and  capable  in  the  law  to  purchase,  acquire,  receive, 
possess,  hold,  and  enjoy  to  them  and  their  successors  any  goods  and  chattels 
whatsoever,  and  also  be  able  and  capable  in  the  law  (notwithstanding  the 
Statutes  of  Mortmain)  to  purchase,  acquire,  possess,  hold  and  enjoy  to 
them  and  their  successors  a  hall  or  house,  and  any  such  other  lands, 
tenements,  or  hereditaments  whatsoever,  as  they  may  deem  requisite  for  the 
purposes  of  the  Society,  the  yearly  value  of  which,  including  the  site 
of  the  said  hall  or  house,  shall  not  exceed  in  the  whole  the  sum  of  three 
thousand  pounds,  computing  the  same  respectively  at  the  rack  rent  which 
might  have  been  had  or  gotten  for  the  same  respectively  at  the  time  of 
the  purchase  or  acquisition  thereof.  And  we  do  hereby  grant  our 
especial  License  and  authority  unto  all  and  every  person  and  persons  and 
bodies  politic  and  corporate,  otherwise  competent,  to  grant,  sell,  alien, 
convey  or  devise  in  mortmain  unto  and  to  the  use  of  the  said  Society  and 
their  successors,  any  lands,  tenements,  or  hereditaments,  not  exceeding 
with  the  lands,  tenements  or  hereditaments  so  purchased  or  previously 
acquired  such  annual  value  as  aforesaid,  and  also  any  moneys,  stocks, 
securities,  and  other  personal  estate  to  be  laid  out  and  disposed  of  in  the 
purchase  of  any  lands,  tenements,  or  hereditaments  not  exceeding  the  like 
annual  value.  And  we  further  will,  grant,  and  declare,  that  the  said 
Society  shall  have  full  power  and  authority,  from  time  to  time,  to  sell, 
grant,  demise,  exchange  and  dispose  of  absolutely,  or  by  way  of  mortgage, 
or  otherwise,  any  of  the  lands,  tenements,  hereditaments  and  possessions, 
wherein  they  have  any  estate  or  interest,  or  which  they  shall  acquire  as 
aforesaid,  but  that  no  sale,  mortgage,  or  other  disposition  of  any  lands, 
tenements,  or  hereditaments  of  the  Society  shall  be  made,  except  with  the 
approbation  and  concurrence  of  a  General  Meeting.    And  Our  will  and 
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pleasure  is,  and  we  further  grant  and  declare  thai  for  the  better  rule  and 
government  of  the  Society,  and  the  direction  and  management  of  the 
concerns  thereof,  there  shall  be  a  Council  of  the  Society,  to  be  appointed 
from  among  the  Members  thereof ,  and  to  include  the  President  and  the 
Vice-Presidents,  and  Buch  other  office-bearers  or  pasl  office-bearers  as  may 
be  directed  by  such  Bye-laws  as  hereinafter  mentioned,  but  so  thai  the 
Council,  including  all  ex-officio  Members  thereof,  shall  consist  of  not  more 
than  forty  or  less  than  twelve  Members,  and  that  the  Vice-Presidents  shall 
be  not  more  than  six  of  less  than  two  in  number.  And  we  do  hereby 
FURTHER  will  and  declare  that  the  said  Lindsay  WOOD,  shall  be  the  first 
President  of  the  Society,  and  the  persons  now  being  the  Vice-Presidents, 
and  the  Treasurer  and  Secretary,  shall  be  the  first  Vice-Presidents,  and 
the  first  Treasurer  and  Secretary,  and  the  persons  now  being  the  Members 
of  the  Council  shall  be  the  first  Members  of  the  Council  of  the  Society, 
and  that  they  respectively  shall  continue  such  until  the  first  election  shall 
be  made  at  a  General  Meeting  in  pursuance  of  these  presents.  And  we 
do  HEREBY  FURTHER  will  and  declare  that,  subject  to  the  powers  by  these 
presents  vested  in  the  General  Meetings  of  the  Society,  the  Council  shall 
have  the  management  of  the  Society,  and  of  the  income  and  property 
^hereof,  including  the  appointment  of  officers  and  servants,  the  definition 
of  their  duties,  and  the  removal  of  any  of  such  officers  and  servants,  and 
generally  may  do  all  such  acts  and  deeds  as  they  shall  deem  necessary  or 
fitting  to  be  done,  in  order  to  carry  into  full  operation  and  effect  the 
objects  and  purposes  of  the  Society,  but  so  always  that  the  same  be  not 
inconsistent  with,  or  repugnant  to,  any  of  the  provisions  of  this  our 
Charter,  or  the  Laws  of  our  Realm,  or  any  Bye-law  of  the  Society  in  force 
for  the  time  being.  And  we  do  further  will  and  declare  that  at  any 
General  Meeting  of  the  Society,  it  shall  be  lawful  for  the  Society,  subject 
as  hereinafter  mentioned,  to  make  such  Bye-laws  as  to  them  shall  seem 
necessary  or  proper  for  the  regulation  and  good  government  of  the  Society, 
and  of  the  Members  and  affairs  thereof,  and  generally  for  carrying  the 
objects  of  the  Society  into  full  and  complete  effect,  and  particularly  (and 
without  its  being  intended  hereby  to  prejudice  the  foregoing  generality), 
to  make  Bye-laws  for  all  or  any  of  the  purposes  hereinafter  mentioned, 
that  is  to  say  :  for  fixing  the  number  of  Vice-Presidents,  and  the  number 
of  Members  of  which  the  Council  shall  consist,  and  the  manner  of  electing 
the  President  and  Vice-Presidents,  and  other  Members  of  the  Council, 
and  the  period  of  their  continuance  in  office,  and  the  manner  and  time 
of  supplying  any  vacancy  therein  ;  and  for  regulating  the  times  at  which 
General  Meetings  of  the  Society  and  Meetings  of  the  Council  shall  be  held, 
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and  for  convening  the  same  and  regulating  the  proceedings  thereat,  and 
for  regulating  the  manner  of  admitting  persons  to  be  Members  of  the 
Society,  and  of  removing  or  expelling  Members  from  the  Society,  and  for 
imposing  reasonable  fines  or  penalties  for  non-perforrnance  of  any  such 
Bye-laws,  or  for  disobedience  thereto,  and  from  time  to  time  to  annul, 
alter,  or  change  any  such  Bye-laws  so  always  that  all  Bye-laws  to  be  made 
as  aforesaid  be  not  repugnant  to  these  presents,  or  to  any  of  the  laws  of 
our  Realm.  And  we  do  further  will  and  declare  that  the  present  Rules 
and  Regulations  of  the  Society,  so  far  as  they  are  not  inconsistent  with 
these  presents,  shall  continue  in  force,  and  be  deemed  the  Bye-laws  of  the 
Society  until  the  same  shall  be  altered  by  a  General  Meeting,  Provided 
always  that  the  present  Rules  and  Regulations  of  the  Society  and  any 
future  Bye-laws  of  the  Society  so  to  be  made  as  aforesaid  shall  have  no 
force  or  effect  whatsoever  until  the  same  shall  have  been  approved  in 
writing  by  our  Secretary  of  State  for  the  Home  Department.     In  witness 

WHEREOF  WE  HAVE  CAUSED  THESE  OUR  LETTERS  TO  BE  MADE  PATENT. 

Witness   Ourself  at   Our  Palace,  at  Westminster,  this  28th  day  of 
November,  in  the  fortieth  year  of  Our  Reign. 

By  Her  Majesty's  Command, 

CARDEW. 
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THE  NORTH  OF  ENGLAND  INSTITUTE 

09 

MINING  AND    MECHANICAL    ENGINEERS. 


BYE-LAWS 


PASSED    AT    A    SPECIAL    GENERAL   MEETING    HELD    ON    THE 
8th    OF    JUNE,    1889. 


I. — Constitution. 

1. — The  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers  shall  consist  of  Members,  Associate  Members,  and  Honorary 
Members.  The  Institute  shall  in  addition  comprise  Associates  and 
Students. 

2. — The  Officers  of  the  Institute,  other  than  the  Treasurer  and  the 
Secretary,  shall  be  elected  from  the  Members  and  Associate  Members, 
and  shall  consist  of  a  President,  six  Vice-Presidents,  and  eighteen 
Councillors,  who,  with  the  Treasurer  and  the  Secretary  (if  Members  of 
the  Institute)  shall  constitute  the  Council. 

All  Past-Presidents  shall  be  ex-offivio  Members  of  the  Council,  so  long 
as  they  continue  Members  or  Associate  Members  of  the  Institute ;  and 
Vice-Presidents  who  have  not  been  re-elected  or  have  become  ineligible 
from  having  held  office  for  three  consecutive  years,  shall  be  ex-officio 
Members  of  the  Council  for  the  following  year. 

II. — Qualifications  of  Members,  Associate  Members,  Honorary 

Members,  Associates,  and  Students. 
3. — Members. — Every  candidate  for  admission  into  the  class  of 
Members,  or  for  transfer  into  that  class,  shall  come  within  the  following 
conditions  : — He  shall  be  more  than  twenty-three  years  of  age,  have  been 
regularly  educated  as  a  Mining  or  Mechanical  Engineer,  or  in  some  other 
branch  of  Engineering,  according  to  the  usual  routine  of  pupilage,  and 
have  had  subsequent  employment  for  at  least  two  years  in  some  respon- 
sible situation  as  an  Engineer,  or  if  he  has  not  undergone  the  usual 
routine  of  pupilage,  he  must  have  been  employed  or  have  -practised  as 
an  Engineer  for  at  least  five  years.  This  class  shall  also  comprise  every 
person  who  was  an  Ordinary  Member,  Life  Member,  or  Student  on  the 
first  of  August,  1877. 
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4. — Associate  Members  shall  be  persons  connected  with  or  interested 
in  Mining  or  Engineering,  and  not  practising  as  Mining  or  Mechanical 
Engineers,  or  in  some  other  branch  of  Engineering. 

5. — Honorary  Members  shall  be  persons  who  have  distinguished 
themselves  by  their  literary  or  scientific  attainments,  or  who  have  made 
important  communications  to  the  Society. 

6. — Associates  shall  be  persons  acting  as  under-viewers,  under- 
managers,  or  in  other  subordinate  positions  in  mines,  or  employed  in 
analogous  positions  in  other  branches  of  Engineering. 

7. — Students  shall  be  persons  who  are  qualifying  themselves  for  the 
profession  of  Mining  or  Mechanical  Engineering,  or  other  branch  of 
Engineering,  and  such  persons  may  continue  Students  until  they  attain 
the  age  of  twenty-five  years. 

III. — Election  and  Expulsion  of  Members. 

8. — Any  person  desirous  of  becoming  a  Member,  an  Associate  Member, 
an  Associate,  or  a  Student,  shall  be  proposed  according  to  the  Forms  A, 
B,  C,  or  D  respectively  in  the  Appendix,  in  which  Form  the  name,  usual 
residence,  and  qualifications  of  the  candidate  shall  be  distinctly  specified 
The  Form  must  be  signed  by  the  proposer  and  at  least  two  other  Member, 
or  Associate  Members,  certifying  a  personal  knowledge  of  the  candidate. 

Any  person  qualified  to  become  an  Honorary  Member  shall  be  proposed 
according  to  the  Form  E  in  the  Appendix,  in  winch  Form  the  names 
usual  residence,  and  qualifications  of  the  candidate  shall  be  distinctly 
stated.  This  Form  must  be  signed  by  the  proposer  and  at  least  five  other 
Members  or  Associate  Members,  certifying  a  personal  knowledge  of  the 
candidate,  and  the  Council  shall  have  the  power  of  defining  the  time 
during  which,  and  the  circumstances  under  which  the  candidate  shall 
be  an  Honorary  Member. 

Any  Associate  or  Student  desirous  of  becoming  a  Member,  shall  be 
proposed  and  recommended  according  to  the  Form  F  in  the  Appendix, 
in  which  Form  the  name,  usual  residence,  and  qualifications  of  the 
candidate  shall  be  distinctly  specified.  This  Form  must  lie  signed  by  the 
proposer  and  at  least  two  other  Members,  or  Associate  Members, 
certifying  a  personal  knowledge  of  the  candidate,  and  the  proposal  shall 
then  be  treated  in  the  manner  hereinafter  described. 

Every  proposal  shall  be  delivered  to  the  Secretary,  and  by  him  sub- 
mitted to  the  next  meeting  of  the  Council,  who,  on  approving  the 
qualifications,  shall  determine  if  the  candidate  is  to  be  presented  for 
ballot,  and  if  it  is  so  determined,  the  Chairman  of  the  Council  shall  sign 
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such  proposal.  The  same  shall  be  read  al  the  next  Ordinary  General 
Meeting,  and  afterwards  be  exhibited  in  the  Institute's  Hall  until  1 1 1  *  - 
following  Ordinary  General  Meeting,  when  the  candidate  shall  be  balloted 

lor. 
A  Student  may  become  an  Associal  i  at  any  time  after  attaining  the 

if  twenty-one  years. 
9. — The  balloting  shall  be  conducted  in  the  following  manner  :-  Bach 
Member  or  Associate  Member  attending  the  meeting  at  which  a  ballot  is 
to  take  place,  shall  be  supplied  (on  demand)  with  a  list  of  the  names  of 
the  i>ersoiis  to  be  balloted  For,  according  to  the  Form  G  in  the  Appendix, 
and  shall  strike  out  the  names  of  such  candidates  as  be  desires  shall  not 
be  elected,  and  return  the  list  to  the  scrutineers  appointed  by  the  presiding 
Chairman  for  the  purpose,  and  such  scrutineers  shall  examine  the  lists  so 
returned,  and  inform  the  meeting  what  elections  have  been  made.  No 
candidate  shall  be  elected  unless  he  secures  the  votes  of  two-thirds  of  the 
Members  and  Associate  Members  voting. 

10. — Notice  of  election  shall  be  sent  to  every  person  within  one  week 
after  his  election,  according  to  the  Fomi  H  in  the  Appendix,  enclosing  at 
the  same  time  a  copy  of  Form  I,  which  shall  be  returned  by  the  i>erson 
elected,  signed,  and  accompanied  with  the  amount  of  his  annual  subscrip- 
tion, or  life  composition,  within  two  months  from  the  date  of  such  election, 
which  otherwise  shall  become  void. 

11. — Every  Member  having  signed  a  declaration  in  the  Form  I,  and 
having  likewise  made  the  proper  payment,  shall  receive  a  certificate  of  his 
election,  according  to  the  Form  J. 

12. — Any  Member,  Associate  Member,  Associate,  or  Student  elected 
at  any  meeting  between  the  Annual  Meetings  shall  be  entitled  to  all 
Transactions  issued  in  the  Institute's  year,  so  soon  as  he  has  signed  and 
returned  Form  I,  and  paid  his  subscription. 

13. — The  Transactions  of  the  Institute  shall  not  be  forwarded  to  those 
whose  subscriptions  are  in  arrear  on  the  1st  of  May  in  each  year. 

14. — Any  person  whose  subscription  is  more  than  one  year  in  arrear 
shall  be  reported  to  the  Council,  who  shall  direct  application  to  be  made 
for  it,  according  to  the  Form  K  in  the  Appendix,  and  in  the  event  of  its 
continuing  one  month  in  arrear  after  such  application,  the  Council  shall 
have  the  power,  after  remonstrance  by  letter  to  his  last  recorded  address 
in  the  books  of  the  Society,  according  to  the  Form  L  in  the  Appendix, 
of  declaring  that  the  defaulter  has  ceased  to  be  a  Member. 

15. — In  case  the  expulsion  of  any  person  shall  be  judged  expedient 
by  ten  or  more  Members,  or  Associate  Members,  and  they  think  fit  to 
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draw  up  and  sign  a  proposal  requiring  such  expulsion,  the  same  being 
delivered  to  the  Secretary,  shall  be  by  him  laid  before  the  next  meeting 
of  the  Council  for  consideration.  If  the  Council,  after  due  inquiry," do  not 
find  reason  to  concur  in  the  proposal,  no  entry  thereof  shall  be  made  in  any 
minutes,  nor  shall  any  public  discussion  thereon  be  permitted,  nnl 
requisition  signed  by  one-half  of  the  Members  or  Associate  Members 
of  the  Institute  ;  but  if  the  Council  do  rind  good  reason  for  the  pr< 
expulsion,  they  shall  direct  the  Secretary  to  address  a  letter,  according  to 
the  Form  M  in  the  Appendix,  to  the  person  proposed  to  be  expelled, 
advising  him  to  withdraw  from  the  Institute.  If  that  advice  be  followed, 
no  entry  on  the  minutes  nor  any  public  discussion  on  the  subject  shall  be 
permitted  ;  but  if  that  advice  be  not  followed,  nor  an  explanation  given 
which  is  satisfactory  to  the  Council,  they  shall  call  a  General  Meeting  for 
the  purpose  of  deciding  on  the  question  of  expulsion  ;  and  if  a  majority  of 
the  Members  and  Associate  Members  present  at  such  meeting  (provided 
the  number  so  present  be  not  less  than  forty;  vote  that  such  person  be 
expelled,  the  Chairman  of  that  meeting  shall  declare  the  same  accord- 
ingly, and  the  Secretary  shall  communicate  the  same  to  the  person, 
according  to  the  Form  X  in  the  Appendix. 

IV. — Subscription. 

1G. — The  annual  subscription  of  each  Member  and  Associate  Member 
shall  be  £2  2s.,  of  each  Associate  and  Student  £1  Is.,  payable  in 
advance,  and  shall  be  considered  due  on  election,  and  afterwards  on  the 
first  Saturday  in  August  of  each  year. 

17. — Any  Member  or  Associate  Member  may,  at  any  time,  compound 
for  all  future  subscriptions  by  a  payment  of  £25,  or  on  such  other 
conditions  as  the  Council  may,  in  writing,  accept.  Every  person  so 
compounding  shall  l>e  a  Member  or  an  Associate  Member  for  life,  as  the 
case  may  be.  Any  Associate  Member  so  compounding  who  may  after- 
wards be  qualified  to  become  a  Member,  may  do  so,  by  election,  in  the 
manner  described  in  Bye-law  8. 

18. — In  case  any  Member,  Associate  Member,  or  Associate  who  has 
been  long  distinguished  in  his  professional  career,  becomes  unable,  from 
ill-health,  advanced  age,  or  other  sufficient  cause,  to  cany  on  a  lucrative 
practice,  the  Council  may,  on  the  report  of  a  Sub-Committee  appointed 
by  them  for  that  purpose,  if  they  find  good  reason  for  the  remission  of 
the  annual  subscription,  so  remit  it.  They  may  also  remit  any  arrears 
which  are  due  from  a  Member,  or  they  may  accept  from  bun  a  collection 
of  books,  or  drawings,  or  models,  or  other  contributions,  in  lieu  of  the 
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composition  mentioned  in  Bye-law  17,  and  may  thereupon  release  him 
from  any  or  all  future  subscriptions,  and  permit  him  to  resume  bis  former 
rank  in  the  Institute. 

19. — Owners  of  Collieries,  Engineers,  Manufacturers,  Railway  Com- 
panies, and  Employers  of  labour  generally,  may  subscribe  annually  to  the 

funds  of  the  Institute,  and  each  BUCh  Subscriber  of    £2  2s.  annually  shall 

be  entitled  to  tickets  to  admit  two  persons 'to  the  rooms,  library,  meetings, 
lectures,  and  public  proceedings  of  the  Society  :  and  for  every  additional 
£2  2s.,  subscribed  annually,  two  other  persons  shall  be  admissible  ;  and 
each  such  subscriber  shall  also  be  entitled  for  each  £2  2s.  subscription 
to  have  a  copy  of  the  Transactions  of  the  Institute  sent  to  him. 

V. — Election  of  Officers. 

20. — The  President,  Vice-Presidents,  and  Councillors  shall  he  elected 
at  the  Annual  Meeting  in  August  (except  in  cases  of  vacancies)  and  shall 
he  eligible  for  re-election  to  any  office,  with  the  exception  of  any  President 
who  may  have  held  office  for  the  two  immediately  preceding  years,  or 
Vice-President  who  may  have  held  office  for  the  three  immediately 
preceding  years,  and  such  six  Councillors  as  may  have  attended  the  fewest 
Council  Meetings  during  the  past  year,  and  when  any  such  attendances 
are  equal,  the  Council  shall  decide  between  them  ;  but  any  such  Member 
or  Associate  Member  shall  he  eligible  for  re-election  after  being  one  year 
out  of  office. 

Any  Retiring  Vice-President  or  Councillor  who  may  be  ineligible  for 
re-election  shall  nevertheless  be  eligible  to  any  other  office. 

21. — -Each  Member,  and  Associate  Member,  shall  he  at  liberty  to 
nominate  in  writing,  and  send  to  the  Secretary  not  less  than  eight  days 
prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly  signed,  of 
Members  and  Associate  Members  suitable  to  fill  the  offices  of  President, 
Vice-Presidents,  and  Members  of  Council,  for  the-  ensuing  year.  The 
Council  shall  prepare  a  list  of  the  persons  so  nominated,  together  with 
the  names  of  the  Officers  for  the  current  year  eligible  for  re-election,  and 
of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for 
the  various  offices.  Such  list  shall  comprise  the  names  of  not  less  than 
thirty  persons.  The  list  so  prepared  by  the  Council  shall  be  submitted 
to  the  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  (See  Form  0  in  the  Appendix.)  A  copy  of 
this  list  shall  be  posted  at  least  seven  days  previous  to  the  Annual  Meeting, 
to  every  Member  and  Associate  Member,  who  may  erase  any  name  or 
names  from  the  bst,  and  substitute  the  name  or  names  of  any  other 
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Member  or  Associate  Member  eligible  for  each  respective  office  ;  but  the 
number  of  names  on  the  list,  after  such  erasure  or  substitution,  must  not 
exceed  the  number  to  be  elected  to  the  respective  offices.  Papers  which 
do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers. 
The  votes  for  any  Member  who  may  not  be  elected  President  or  Vice- 
Presidents  shall  count  for  them  as  Members  of  the  Council,  but  in  no 
case  shall  he  receive  more  than  one  vote  from  each  voter.  The  Chairman 
shall  appoint  four  scrutineers,  who  shall  receive  the  balloting  papers,  and, 
after  making  the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand 
to  the  Chairman  a  list  of  the  elected  Officers.  The  balloting  papers  may 
be  returned  through  the  post,  addressed  to  the  Secretary,  or  be  handed  to 
him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the 
appointment  of  the  scrutineers  for  the  election  of  Officers. 

22. — In  case  of  the  decease,  expulsion,  or  resignation  of  any  Officer  or 
Officers,  the  Council,  if  they  deem  it  requisite  that  the  vacancy  shall  be 
filled  up,  shall  present  to  the  next  Ordinary  General  Meeting  a  list  of 
persons  whom  they  nominate  as  suitable  for  the  vacant  office  or  offices, 
and  a  new  Officer  or  Officers  shall  be  elected  at  the  first  succeeding 
Ordinary  General  Meeting. 

23. — The  Treasurer  and  the  Secretary  shall  be  appointed  by  the  Council, 
and  shall  be  removable  by  the  Council,  subject  to  appeal  to  a  General 
Meeting.     One  and  the  same  person  may  hold  both  these  offices. 

VI. — Duties  of  the  Officers  and  Council. 

24. — The  President  shall  take  the  chair  at  all  meetings  of  the  Institute, 
the  Council,  and  Committees,  at  which  he  is  present  (he  being  ex-officio  a 
member  of  all),  and  shall  regulate  and  keep  order  in  the  proceedings. 

25. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the  senior 
Vice-President  present  to  preside  at  the  meetings  of  the  Institute,  to 
keep  order,  and  to  regulate  the  proceedings.  In  case  of  the  absence  of 
the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect  any 
Member  of  Council,  or  in  case  of  their  absence,  any  Member  or  Associate 
Member  present,  to  take  the  chair  at  the  meeting. 

26. — At  meetings  of  the  Council,  five  shall  be  a  quorum.  The  minutes 
of  the  Council's  proceedings  shall  be  at  all  times  open  to  the  inspection 
of  the  Members  and  Associate  Members. 

27. — The  Treasurer  and  the  Secretary  shall  act  under  the  direction  and 
control  of  the  Council,  by  which  body  their  duties  shall  from  time  to 
time  be  defined. 

f 
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2&. — The  Council  may  appoint  Committees  for  the  purpose  of  tran- 
sacting any  particular  business,  or  of  investigating  any  sj>ecitie  subject 
connected  with  the  objects  of  the  Institute.  Such  Committees  shall 
make  a  report  to  the  Council,  who  shall  act  thereon,  and  make  use  thereof 
as  they  see  occasion. 

VII. — COMMUNICATIONS  AND  MEMOIRS. 

29. — All  papers  shall  he  sent  for  the  approval  of  the  Council  at  least 
twenty-one  days  before  a  General  Meeting,  and  after  approval,  shall  he- 
read  before  the  Institute.  The  Council  shall  also  direct  whether  any 
paper  read  before  the  Institute  shall  be  printed  in  the  Transactions,  and 
immediate  notice  shall  be  given  to  the  writer  whether  it  is  to  be  printed 
or  not. 

30. — The  copyright  of  all  papers  communicated  to,  and  accepted  for 
printing  by  the  Council,  and  printed  within  twelve  months,  shall  become 
vested  in  the  Institute,  and  such  communications  shall  not  be  published 
for  sale  or  otherwise,  without  the  written  permission  of  the  Council. 

31. — Twenty  copies  of  each  paper  printed  by  the  Institute  shall  be 
presented  to  the  author  for  private  use. 

32. — All  proofs  of  reports  of  discussions,  forwarded  to  any  person  for 
correction,  must  be  returned  to  the  Secretary  within  seven  days  from  the 
date  of  their  receipt,  otherwise  they  will  be  considered  correct  and  be 
printed  off. 

33. — The  Institute  is  not,  as  a  body,  responsible  for  the  statements  and 
opinions  advanced  in  the  papers  which  may  be  read,  nor  in  the  discussions 
which  may  take  place  at  the  meetings  of  the  Institute. 

VIII. — Meetings  of  the  Institute. 

34. — An  Ordinary  General  Meeting  shall  be  held  on  the  first  Saturday 
of  every  month  (except  January  and  July)  at  two  o'clock,  unless  other- 
wise determined  by  the  Council  ;  and  the  Ordinary  General  Meeting  in 
the  month  of  August  shall  be  the  Animal  Meeting,  at  which  a  report  of 
the  proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year, 
shall' be  piesented  by  the  Council. 

35. — All  donations  to  the  Institute  shall  be  acknowledged  in  the 
Annual  Report  of  the  Council. 

36. — A  Special  General  Meeting  shall  be  called  whenever  the  Council 
may  think  fit,  and  also  on  a  requisition  to  the  Council,  signed  by  ten  or 
more  Members  or  Associate  Members.  The  business  of  a  Special  Meeting 
shall  be  confined  to  that  specified  in  the  notice  convening  it. 
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37. — The  Members,  Associate  Members,  Honorary  Members,  Associates 
and  Students,  shall  have  notice  of,  and  the  privilege  to  attend,  all 
Ordinary  General  Meetings  and  Special  Meetings. 

38. — Every  question,  not  otherwise  provided  for,  which  shall  come 
before  any  meeting,  shall  be  decided  by  the  votes  of  the  majority  of  the 
Members  and  Associate  Members  then  present. 

39. — Invitations  shall  be  forwarded  to  any  person  whose  presence  at 
the  discussions  the  Council  may  think  advisable,  and  strangers  so  invited 
shall  be  permitted  to  take  part  in  the  proceedings  but  not  to  vote. 

Any  Member  or  Associate  Member  shall  have  power  to  introduce  two 
strangers  (see  Form  P)  to  any  General  Meeting,  but  they  shall  not  take 
part  in  the  proceedings  except  by  permission  of  the  meeting. 

IX. — Property  of  the  Institute. 

40. — The  Funds  of  the  Society  shall  be  deposited  in  the  hands  of  the 
Treasurer,  and  shall  be  disbursed  or  invested  by  him  according  to  the 
direction  of  the  Council. 

41. — The  Institute  Hall  and  Beading  Boom  shall  be  open  to  the 
Members,  Associate  Members,  Honorary  Members,  Associates  and 
Students  on  every  week  day,  from  10  a.m.  to  5  p.m.,  except  on  such 
special  day  or  days  when  the  Council  shall  think  it  expedient  to  close  the 
rooms  and  suspend  the  circulation  of  Books.  Books  shall  be  issued 
according  to  regulations  from  time  to  time  approved  by  the  Council. 

42. — No  duplicate  copies  of  any  portion  of  the  Transactions  shall  be 
issued  to  any  Member,  Associate  Member,  Associate  or  Student,  unless 
by  order  from  the  Council. 

X. — Alteration  of  Bye-laws. 
48. — No  alteration  shall  be  made  in  the  Bye-laws  of  the  Institute, 
except  at  the  Annual  Meeting,  or  at  a  Special  Meeting  for  that  purpose, 
and  the  particulars  of  every  such  alteration  shall  be  announced  at  a 
previous  Ordinary  Meeting,  and  inserted  in  its  minutes,  and  shall  be 
exhibited  in  the  room  of  the  Institute  fourteen  days  previous  to  such 
Annual  or  Special  Meeting,  and  such  Meeting  shall  have  power  to  adopt 
any  modification  of  such  proposed  alteration  of  the  Bye-laws. 

I  hereby  approve  the  foregoing  Bye-laws, 

HENBY  MATTHEWS, 

One  of  Her  Majesty's  Principal  Secretaries  of  State. 
Whitehall, 

29th  June,  1891. 


■II  APPENDIX  — BYK-LAW8. 


APPENDIX    TO    THE   BYE-LAWS. 


[FORM  A.] 
A    B.   [Christian  Name,  Surname,  Occupation,  and   Address   in   full],   being 
upwards  of  twenty-three  years  of  age,  and  desirous  of  becoming  a  Member  of  the 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  I  recommend 
him,  from  pergonal  knowledgt ,  as  a  person  in  every  respect  worthy  of  that  distinc- 
tion, because — 

[flen  specify  dintinctly  the  qualification*  of  the  Candidatt ,  according  to  the  spirit  of 

By(  -Ian'  ■!.] 
On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  a  Member. 

Signed Member  or  Associate  Member. 

Dated  this ...day  of  18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Member. 


FROM    PERSONAL    KNOWLEDGE. 


Two  Members 

or 

Associate  Members. 


[To  be. filled  up  by  the  Council.] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  a  Member  of  the  North  of  England  Institute   of   Mining  and 
Mechanical  Engineers. 

Signed  Chairman. 

Dated  this day  of 18 


[FORM  B.] 
A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being 
desirous  of  becoming  an  Associate  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  I  recommend  him,  from  personal  knowledge,  as 
a  person  in  every  respect  worthy  of  that  distinction,  and  propose  him  to  the 
Council  as  a  proper  person  to  be  admitted  an  Associate  Member, 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  an  Associate 
Member. 

FROM  PERSONAL    KNOWLEDGE. 


Two  Members 

or 

Associate  Members, 
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[To  be  filled  up  by  the  Council] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  an  Associate  Member  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  C] 
A  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being 
desirous  of  becoming  an  Associate  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  I  recommend  him,  from  personal  knoivleclye,  as  a  person 
in  every  respect  worthy  of  that  distinction,  and  propose  him  to  the  Council  as  a 
proper  person  to  be  admitted  as  an  Associate. 

Sigued Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,   being   convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  as  an  Associate. 


FROM    PERSONAL    KNOWLEDGE. 


Two  Members 

or 

Associate  Members. 


[To  be  filled  up  by  the  Council.] 
The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  an  Associate  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  D.] 
A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in  full],  being  under 
twenty -five  years  of  age  and  desirous  of  becoming  a  Student  of  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers,  I  recommend  him,  from 
personal  knowledge,  as  a  person  in  every  respect  worthy  of  that  distinction,  and 
propose  him  to  the  Council  as  a  proper  person  to  be  admitted  as  a  Student. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Student. 


FROM    PERSONAL    KNOWLEDGE. 


iTwo  Members 
or 
Associate  Members. 
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[  To  in  filled  up  i>i/  the  Council.] 

The  Council,  having  considered  the  above  recommendation,  present  A.  15.  to  be 
balloted  for  as  a  Student  of  the  Morth  of  England  Institute  of  Mining  and 
Mechanical  Engmeera. 

Signed Chairman, 

Dated  this day  of 18 


[FORM  E.] 

I  recommend  A.  B.  [Christian  Name,  Surname,  Occupation,  and  Address  in 
full],  from  personal  knowledge,  as  a  person  in  every  respect  qualified  to  become  an 
Honorary  Member  of  the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  because — 

[Here  specify  distinctly  the  qualifications  of  the  Candidate,  according  to  the  spirit  oj 

Bye-law  5.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  an  Honorary  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced 
that  A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  an  Honorary 
Member. 

FROM   PERSONAL  KNOWLEDGE. 


Five  Members 

or 

Associate  Members. 


[To  be  filed  tip  by  the  Council.] 

The  Council,  having  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  an  Honorary  Member  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 
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[FORM  F.] 

A.  B.  [Christian  Name,  Surname,   Occupation,  and  Address  in  full],  being  at 

present  a of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers,  and  upwards  of  twenty-three  years  of  age,  and  being 
desirous  of  becoming  a  Member  of  the  said  Institute,  I  recommend  him,  from 
personal  hwidedge,  as  a  person  in  every  respect  worthy  of  that  distinction, 
because — 

[Here  specify  distinctly  the  qiudijicatioivt  of  the  Candidate,  according  to  the  spirit  of 

Bye-law  3.] 

On  the  above  grounds,  I  propose  him  to  the  Council  as  a  proper  person  to  be 
admitted  a  Member. 

Signed Member  or  Associate  Member. 

Dated  this day  of 18 

We,  the  undersigned,  concur  in  the  above  recommendation,  being  convinced  that 
A.  B.  is  in  every  respect  a  proper  person  to  be  admitted  a  Member. 

FP.uM  PERSONAL  KNOWLEDGE. 

Two  Members 

or 
Associate  Members. 


[To  be  filed  up  by  the  Council.] 

The  Council,  haviug  considered  the  above  recommendation,  present  A.  B.  to  be 
balloted  for  as  a  Member  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers. 

Signed Chairman. 

Dated  this day  of 18 


[FORM  G.] 

List  of  the  names  of  persons  to  be  balloted  for  at  the  General  Meeting  on 
the  day  of IS 

Members  : — 


Asso  i ate  Members  : — 


Honorary  Members  : — 


48  APPENDIX. — BTB  LAWS, 

K  i  IMS  :  — 


Stud 


Strike  out  the  aamea  <>f  such  persona  as  you  desire  Bhould  not  be  elected,  and 
luuul  the  list  to  the  Chairman. 


[FORM  H.] 

Sir, — I  beg  leave  to  inform  you  that  on  the  day  of 

you  were  elected  a of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers.      In  conformity   with   its  Rules  your  election  cannot 
be  continued  until  the  enclosed  form  be  returned  to  me  with  your  signature,  and 

until  your  first  annual  subscription  be  paid,  the  amount  of  which  is  £ , 

or,  at  your  option    the  life-composition  of  £25. 

If  the  subscription  is  not  received  within  two  months  from  the  present  date,  the 
election  will  become  void  under  Bye-law  10. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  I.] 

I,  the  undersigned,  being  elected  a of  the  North  of  England 

Institute  of  Mining  and  Mechanical  Engineers,  do  hereby  agree  that  I  will  be 
governed  by  the  Charter  and  Byedaws  of  the  said  Institute  for  the  time  being  ; 
and  that  I  will  advance  the  objects  of  the  Institute  as  far  as  shall  be  in  my  power, 
and  will  not  aid  in  any  unauthorised  publication  of  the  proceedings,  and  will 
attend  the  meetings  thereof  as  often  as  I  conveniently  can  ;  provided  that  when- 
ever I  shall  signify  in  writing  to  the  Secretary  that  I  am  desirous  of  withdrawing 
my  name  therefrom,  I  shall  (after  the  payment  of  any  arrears  which  may  be  due 
by  me  at  that  period)  cease  to  be  a  Member. 

Witness  my  hand  this day  of 18 


[FORM  J.] 

The  North  of  England  Institute  of  Mining  and  Mechanical  Engineers. 

Founded  1852.     Incorporated  by  Royal  Charter,  AD.,  1876. 

These  are  to  certify  that  A.  B.  [Christian  Name,  Surname,  Occupation,   and 

Address  in  full]  was  elected  a  Member  of  the   North  of  England  Institute  of 

Mining  and  Mechanical  Engineers,  at  a  General  Meeting  held  on  the day  of 

18 

Witness  our  hands  and  Seal  this day  of 18 

President. 

Secretary. 
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[FORM  K.] 
Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  draw  your  attention  to  Bye-law  14,  and  to  remind 

you  that  the  sum  of  £ of  your  annual  subscriptions  to  the  funds  of  the 

Institute  remains  unpaid,  and  that  you  are  in  consequence  in  arrear  of  subscription. 
I  am  also  directed  to  request  that  you  will  cause  the  same  to  be  paid  without 
further  delay,  otherwise  the  Council  will  be  under  the  necessity  of  exercising  their 
discretion  as  to  using  the  power  vested  in  them  by  the  Article  above  referred  to. 
I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  L.] 

Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  inform  you,  that  in  consequence  of  non-payment  of 
your  arrears  of  subscription,  and  in  pursuance  of  Bye-law  14,   the  Council  have 

determined  that  unless  payment  of  the  amount  £ is  made  previous  to 

the day  of next,  they  will  proceed  to  declare  that 

you  have  ceased  to  be  a  Member  of  the  Institute. 

But,  notwithstanding  this  declaration,  you  will  remain  liable  for  payment  of  the 
arrears  due  from  you. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated IS 


[FORM  M.] 
Sir, — I  am  directed  by  the  Council  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers  to  inform  you  that,  upon  mature  consideration  of  a 
proposal  which  has  been  laid  before  them  relative  to  you,  they  feel  it  their  duty  to 
advise  you  to  withdraw  from  the  Institute,  or  otherwise  they  will  be  obliged  to 
act  in  accordance  with  Bye-law  15. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 


[FORM  N.] 
Sir, — It  is  my  duty  to  inform  you  that,  under  a  resolution  passed  at  a  Special 
General  Meeting  of  the  North  of  England  Institute  of  Mining  and  Mechanical 

Engineers,  held  on  the day  of IS  ,  according  to 

the  provisions  of  Bye-law  15,  you  have  ceased  to  be  a of  the  Institute. 

I  am,  sir,  yours  faithfully, 

Secretary. 

Dated 18 
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[FORM    O.J 

Balloting  List, 


Ballot  to  take  place  at  the  Annual  Meeting  on IS at  Two  o'clock,  p.m. 

The  names  of  persons  for  whom  the  voter  does  not  vote  must  be  erased,  and 
the  names  of  other  persons  eligible  for  re-election  may  he  inserted  in  their  place, 
provided  the  number  remaining  on  the  list  does  not  exceed  the  number  of  persons 
to  be  elected. 


President — Not  more  than  One  Name  to  be  returned,  or  the  vote 
will  be  lost. 

— President  for  the  current  year  eligible  for  re-election.* 

[  New  Nominations.  * 


Vice-Presidents— Not  more  than  Six  Names  to  be  returned,  or  the 
vote  will  be  lost. 
The  Votes  for   any  Member  who  may  not  be  elected  President 
or  Vice-Presidents  shall  count  for  them  as  Members  of  the  Council, ' 
but  in  no  case  shall  he  receive  more  than  one  vote  from  each  voter. 


Vice-Presidents    for   the  current    year   eligible    for   re-  £; 


election. 


^2 


New  Nominations. 


Council — Not  more  than  Eighteen  Names  to  be  returned,  or  the 
vote  will  be  lost. 
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,  Members  of  the  Council  for  the  current  year  eligible  for 
re-election. 


a 
< 


New  Nominations. 


To  be  inserted  when  necessary. 
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Ex-Officio  Members  of  the  Council  for  the  ensuing  year  : — 


Past -Presidents. 


Retiring  Vice-Presidents. 

Extract  from  Bye  law  21. 

Each  Member,  and  Associate  Member,  shall  he  at  liberty  to  nominate  in  writing,  and  send  to  the 
Secretary  not  less  than  eight  days  prior  to  the  Ordinary  General  Meeting  in  June,  a  list,  duly 
signed,  of  Members  and  Associate  Members  suitable  to  All  the  offices  of  President,  Vice-Presidents, 
and  Members  of  Council,  for  the  ensuing  year.  The  Council  shall  prepare  a  list  of  the  persons 
so  nominated,  together  w  ith  the  names  of  the  Officers  for  the  current  year  eligible  for  re-election, 
and  of  such  other  Members  and  Associate  Members  as  they  deem  suitable  for  the  various  offices. 
Such  list  shall  comprise  the  names  of  not  less  than  thirty  persons.  The  list  so  prepared  by  the 
Council  shall  be  submitted  to  the  General  Meeting  in  June,  and  shall  be  the  balloting  list  for  the 
annual  election  in  August.  [See  Form  O  in  the  Appendix.]  A  copy  of  this  list  shall  be  posted  at 
least  seven  days  previous  to  the  Annual  Meeting,  to  every  Member  and  Associate  Member,  who 
may  erase  any  name  or  names  from  the  list,  and  substitute  the  name  or  names  of  any  other  Member 
or  Associate  Member  eligible  for  each  respective  office  ;  but  the  number  of  names  on  the  list,  after 
such  erasure  or  sur  stitution  must  not  exceed  the  number  to  be  elected  to  the  respective  offices. 
Papers  which  do  not  accord  with  these  directions  shall  be  rejected  by  the  scrutineers.  The  votes 
for  any  Member  who  may  not  be  elected  President  or  Vice-Presidents  shall  count  for  them  as 
Members  of  the  Council,  but  in  m>  case  shall  he  receive  more  than  one  vote  from  each  voter.  The 
Chairman  sha'l  appoint  four  scrutineers,  who  .shall  receive  the  balloting  papers,  and,  after  making 
the  necessary  scrutiny,  destroy  the  same,  and  sign  and  hand  to  the  Chairman  a  list  of  the  elected 
Officers.  The  balloting  papers  may  be  returned  through  the  post,  addressed  to  the  Secretary,  or 
be  handed  to  him,  or  to  the  Chairman  of  the  meeting,  so  as  to  be  received  before  the  appointment 
of  the  scrutineers  for  the  election  of  Officers. 

Names  substituted  for  any  of  the  above  are  to  be  written  in  the  blank  spaces 
opposite  those  they  are  intended  to  supersede. 

The  following  Members  are  ineligible  from  causes  specified  in  Rye-law  20  : — 

As  President 

As  Vice-President 

As  Councillors 


[FORM  P.] 

Admit 

of 

to  the  General  Meeting  on  Saturday,  the 

(Signature  of  Member,  Associate  Member,  Associate,  or  Student) 

The  Chair  to  be  taken  at  Two  o'Clock  p.m. 
I  undertake  to  abide  by  the  Regulations  of  the  North  of  England  Institute   of 
Mining  and  Mechanical  Engineers,  and  not  to  aid  in  any  unauthorised  publication 
of  the  Proceedings. 

(Signature  of  Visitor] 

Not  transferable. 
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FEDERATED  INSTITUTION  OF  MINING  ENGINEERS. 


Founded  July  1st,  1889. 


Bye-Laws  passed  at  Council  Meeting  held  on  the  2Sth  of  May,  1SD1. 


I. — Constitution. 
1. — The  Federated  Institution  of  Mining  Engineers  shall  consist  of  all  or  any  of 
the  societies  interested  in  the  advancement  of  mining,  metallurgy,  engineering,  and 
their  allied  industries,   who  shall  from  time  to  time  join  together  and  adhere  to  the 
Bye-Laws. 

2. — The  Institution  shall  have  for  its  objects — 

(a)  The  advancement  and  encouragement  of  the  sciences  of  mining,  metallurgy 
engineering,  and  their  allied  industries. 

(5)  The   interchange   of    opinions,    by   the   reading  of    communications   from 

members  and  others,  and  by  discussions  at  general  meetings,  upon  improve- 
ments in  mining,  metallurgy,  engineering,  and  their  allied  industries. 

(c)  The  publication  of  original  communications,  discussions,  and  other  papers 

connected  with  the  objects  of  the  Institution. 

(d)  The  purchase  and  disposal  of  real  and  personal  property  for  such  objects. 

(e)  The  performance  of  all  things  connected  with  or  leading  to  the  purpose  of 

such  objects. 
3. — The  offices  of  the  Institution  shall   be  in   Newcastle-upon-Tyne,  or   such 
other  place  as  shall  be  from  time  to  time  determined  by  resolution  of  the  Council. 
4. — The  year  of  the  Institution  shall  end  on  July  31st  in  every  year. 
5. — The  affairs  and  business  of  the  Institution  shall  be  managed  and  controlled 
by  the  Council. 

II. — Membership. 
6. — The  original  adherents  or  founders  are  as  follow: — 
(a)  Chesterfield  and  Midland  Counties  Institution  of  Engineers,  Chesterfield. 

(6)  Midland  Institute  of  Mining,  Civil,  and  Mechanical  Engineers,  Barnsley. 

(c)  North  of  England  Institute  of  Mining  and  Mechanical  Engineers,  Newcastle- 

upon-Tyne. 

(d)  South  Staffordshire  and  East  Worcestershire  Institute  of  Mining  Engineers, 

Birmingham. 
7. — Written  applications  from  societies  to  enter  the  Institution  shall  be  made 
to  the  Council,  by  the  President  of  the  applying  society,  who  shall  furnish  any 
information  that  may  be  desired  by  the  Council. 
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8. — A. — If  desired  by  the  Council,  any  of  the  Federated  Institutes  shall  revise 
their  Bye-Laws,  in  order  that  their  members  shall  consist  of  Ordinary  Members, 
Associate  Members,  and  Honorary  Members,  with  Associates  and  Students,  and 
section  B  following  shall  be  a  model  Bye-Law  to  be  adopted  by  any  society  when 
so  desired  by  the  Council. 

B. — "  The  members  shall  consist  of  Ordinary  Members,  Associate  Members,  and 
Honorary  Members,  with  Associates  and  Students : — 

(a)  Each  Ordinary  Member  shall  be  more  than  twenty-three  years  of  age,  have 
been  regularly  educated  as  a  mining,  metallurgical  or  mechanical  engineer, 
or  in  some  other  branch  of  engineering  according  to  the  usual  routine 
of  pupilage,  and  have  had  subsequent  employment  for  at  least  two  years  in 
some  responsible  situation  as  an  engineer  ;  or  if  he  has  not  undergone  the 
usual  routine  of  pupilage,  he  must  have  been  employed  or  have  practised 
as  an  engineer  for  at  least  five  years. 
(£>)  Each  Associate  Member  shall  be  a  person  connected  with  or  interested  in 
mining,  metallurgy,  or  engineering,  and  not  practising  as  a  mining,  metal- 
lurgical, or  mechanical  engineer,  or  some  other  branch  of  engineering. 
(c)  Each  Honorary  Member  shall  be  a  person  who  has  distinguished  himself  by 
his  literary  or  scientific  attainments,  or  who  may  have  made  important 
communications  to  any  of  the  Federated  Institutes. 
(<f)  Associates  shall  be  persons  acting  as  under-viewers,  under-managers,  or  in 
other  subordinate  positions  in  mines  or  metallurgical  works,  or  employed 
in  analogous  positions  in  other  branches  of  engineering. 
(e)  Students  shall  be  persons  who  are  qualifying  themselves  for  the  profession  of 
mining,  metallurgical,  or  mechanical  engineering,  or  other  branch  of  engin- 
eering, and  such  persons  may  continue  Students  until  they  attain  the  age 
of  twenty-five  years." 

9. — The  Ordinary  Members,  Associate  Members,  and  Honorary  Members,  Asso- 
ciates and  Students  shall  have  notice  of  and  the  privilege  of  attending  the  ordinary  and 
annual  general  meetings,  and  shall  receive  all  publications  of  the  Institution.  They 
may  also  have  access  to,  and  take  part  in,  the  general  meetings  of  any  of  the 
Federated  Institutes. 

10. — The  members  of  any  Federated  Institute,  whose  payments  to  the  Institu- 
tion are  in  arrear,  shall  not  receive  the  publications  and  other  privileges  of  the 
Institution. 

11. — After  explanations  have  been  asked  by  the  President  from  any  Federated 
Institute,  whose  payments  are  in  arrear,  and  have  not  been  paid  within  one  month 
after  written  application  by  the  Secretary,  the  Council  may  decide  upon  its 
suspension  or  expulsion  from  the  Institution  ;  but  such  suspension  or  expulsion  shall 
only  be  decided  at  a  meeting  attended  by  at  least  two-thirds  of  the  members  of  the 
Council  by  a  majority  of  three-fourths  of  the  members  present. 
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III.— SUBSCRIPTIONS. 

12. — Each  of  the  Federated  Institutes;  shall  pay  fifteen  shillings  per  annum 
for  each  Ordinary  Member,  Associate  Member,  Honorary  Member,  Associate,  and 
Student,  or  such  other  sum,  and  in  such  instalment  or  instalments  as  may  be 
determined  from  time  to  time  by  resolution  or  resolutions  of  the  Council.  Persons 
joining  any  of  the  Federated  Institutes  during  the  financial  year  of  the  Federated 
Institution  shall  be  entitled  to  all  publications  issued  for  that  year,  after  his 
election  is  notified  to  the  Secretary,  and  the  instalment  or  instalments  due 
on  his  behalf  have  been  paid. 

IV.— Election  op  Officees  and  Council. 

13. — The  officers  of  the  Institution,  other  than  the  Secretary  and  Treasurer, 
shall  consist  of  Councillors  elected  annually  prior  to  August  in  each  year,  by  and 
out  of  the  Ordinary  Members  and  Associate  Members  of  each  Federated  Institute, 
in  the  proportion  of  one  Councillor  per  forty  Ordinary  Members  or  Associate 
Members  thereof ;  of  Vice-Presidents  elected  by  and  from  the  Council  at  their 
first  meeting  in  each  year  on  behalf  of  each  Institute,  in  the  proportion  of  one 
Vice-President  per  two  hundred  Ordinary  Members  or  Associate  Members  thereof ; 
and  of  a  President  elected  by  and  from  the  Council  at  their  first  meeting  in  each 
year  ;  who,  with  the  Local  Secretaries  of  each  Federated  Institute  and  the  Secretary 
and  Treasurer,  shall  form  the  Council.  All  Presidents  on  retiring  from  that  office 
shall  be  ex-officio  Vice-Presidents  so  long  as  they  continue  Ordinary  Members 
or  Associate  Members  of  any  of  the  Federated  Institutes. 

14. — In  case  of  the  decease,  expulsion,  or  resignation  of  any  officer  or  officers,  the 
Council  may,  if  they  deem  it  requisite,  fill  up  the  vacant  office  or  offices  at  their 
next  meeting. 

V. — Duties  of  Officees  and  Council. 

15. — The  Councd  shall  represent  the  Institution  and  shall  act  in  its  name,  and 
shall  make  such  calls  upon  the  Federated  Institutes  as  they  may  deem  necessary,  and 
shall  transact  all  business  and  examine  accounts,  authorise  payments,  and  may 
invest  or  use  the  funds  in  such  manner  as  they  may  from  time  to  time  think  fit,  in 
accordance  with  the  objects  and  P>ye-Laws  of  the  Institution. 

16.— The  Council  shall  decide  the  question  of  the  admission  of  any  society,  and 
may  decree  the  suspension  or  expulsion  of  any  Federated  Institute  for  non-payment 
of  subscriptions. 

17. — The  Council  shall  decide  upon  the  publication  of  any  communications. 

18.— There  shall  be  three  ordinary  meetings  of  the  Council  in  each  year,  on  the 
same  day  as,  but  prior  to,  the  ordinary  or  annual  general  meetings  of  the  members. 

19. — A  special  meeting  of  the  Council  shall  be  called  whenever  the  President 
may  think  fit,  or  upon  a  requisition  to  the  Secretary  signed  by  ten  or  more  of  its 
members,  or  by  the  President  of  any  of  the  Federated  Institutes.  The  business 
transacted  at  a  special  meeting  of  the  Council  shall  be  confined  to  that  spectfied 
i.u  the  notice  convening  it 
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20.— The  meetings  ot  the  Council  shall  be  called  by  circular  letter,  Issued  to  all 
the  members  at  Least  seven  days  previously,  accompanied  by  an  agenda  paper, 
stating  the  nature  of  the  business  to  be  transacted. 

21.— The  order  in  which  business  shall  be  taken  at  the  ordinary  and  annual 
general  meet  in  ?6  may  be,  from  time  to  time,  decided  by  the  Council. 

22.— The  Council  may  communicate  with  the  Government  in  cases  of  con- 
templated or  existing  legislation,  of  a  character  affecting  the  interests  of  raining, 
metallurgy,  engineering,  or  their  allied  industries. 

23. — The  Council  may  appoint  Committees,  consisting  of  members  of  the  Institu- 
tion, for  the  purpose  of  transacting  any  particular  business,  or  of  investigating  any 
specific  subject  connected  with  the  objects  of  the  Institution. 

24. — A  Committee  shall  not  have  power  or  control  over  the  funds  of  the  Institu- 
tion, beyond  the  amount  voted  for  its  use  by  the  Council. 

25. — Committees  shall  report  to  the  Council,  who  shall  act  thereon  and  make 
use  thereof  as  they  may  elect. 

26. — The  President  shall  take  the  chair  at  all  meetings  of  the  Institution,  the 
Council,  and  Committees  at  which  he  may  be  present. 

27. — In  the  absence  of  the  President,  it  shall  be  the  duty  of  the  senior  Vice- 
President  present  to  preside  at  the  meetings  of  the  Institution.  In  case  of  the 
absence  of  the  President  and  of  all  the  Vice-Presidents,  the  meeting  may  elect 
any  member  of  Council,  or  in  case  of  their  absence  any  Ordinary  Member  or 
Associate  Member  to  take  the  chair  at  the  meeting. 

28. — At  meetings  of  the  Council  six  shall  be  a  quorum. 

29. — Every  question  shall  be  decided  at  the  meetings  of  the  Council  by  the  votes 
of  the  majority  of  the  members  present.  In  case  of  equal  voting,  the  President, 
or  other  member  presiding  in  his  absence,  shall  have  a  casting  vote.  Upon  the 
request  of  two  members,  the  vote  upon  any  question  shall  be  by  ballot. 

30. — The  Secretary  shall  be  appointed  by  and  shall  act  under  the  direction 
and  control  of  the  Council.  The  duties  and  salary  of  the  Secretary  shall  be 
fixed  and  varied  from  time  to  time  at  the  will  of  the  Council. 

31. — The  Secretary  shall  summon  and  attend  all  meetings  of  the  Council,  and 
the  ordinary  and  annual  general  meetings  of  the  Institution,  and  shall  record  the 
proceedings  in  the  minute  book.  He  shall  direct  the  administrative  and  scientific 
publications  of  the  Institution.  He  shall  have  charge  of  and  conduct  all  corres- 
pondence relative  to  the  business  and  proceedings  of  the  Institution,  and  of  all 
committees  where  necessary,  and  shall  prepare  and  issue  all  circulars  to  the 
members. 

32. — One  and  the  same  person  may  hold  the  office  of  Secretary  and  Treasurer. 
33. — The  Treasurer  shall  be  appointed  annually  by  the  Council  at  their  first 
meeting  in  each  year.     The  income  of  the  Institution  shall  be  received  by  him, 
and  shall  be  paid  into  Messrs.  Lambton  and  Co.'s  bank  at  Newcastle-upon-Tyne,  or 
such  other  bank  as  may  be  determined  from  time  to  time  by  the  Council. 


FEDERATED   INSTITUTION    BYE-LAWS.  57 

.".4. — The  Treasurer  shall  make  all  payments  on  behalf  of  the  Institution,  by  cheques 
signed  by  two  members  of  Council,  the  Treasurer,  and  the  Secretary,  a:"~ter  pay- 
ments have  been  sanctioned  by  Council. 

35. — The  surplus  funds  may,  after  resolution  of  the  Council,  be  invested  in 
Government  securities,  in  railway  and  other  debenture  shares  such  as  are  allowed 
for  investment  by  trustees,  in  the  purchase  of  land,  or  in  the  purchase,  erection, 
alteration,  or  furnishing  of  buildings  for  the  use  of  the  Institution.  All  invest- 
ments shall  be  made  in  the  names  of  Trustees  appointed  by  the  Council. 

36. — The  accounts  of  the  Treasurer  and  the  financial  statement  of  the  Council 
shall  be  audited  and  examined  by  a  chartered  accountant,  appointed  by  the  Council 
at  their  first  meeting  in  each  year.  The  accountants'  charges  shall  be  paid  out  of 
the  funds  of  the  Institution. 

37. — The  minutes  of  the  Council's  proceedings  shall  at  all  times  be  open  to  the 
inspection  of  the  Ordinary  Members  and  Associate  Members. 


VI. — General  Meetings. 

38. — An  ordinary  general  meeting  shall  be  held  in  February,  May,  and  Sep- 
tember, unless  otherwise  determined  by  the  Council ;  and  the  ordinary  general 
meeting  in  the  month  of  September  shall  be  the  annual  general  meeting  at  which  a 
report  of  the  proceedings,  and  an  abstract  of  the  accounts  of  the  previous  year 
ending  July  31st,  shall  be  presented  by  the  Council.  The  ordinary  general  meeting 
in  the  month  of  May  shall  be  held  in  London,  at  which  the  President  may  deliver  an 
address. 

39. — Invitations  may  be  sent  by  the  Secretary  to  any  person  whose 
presence  at  discussions  shall  be  thought,  desirable  by  the  Council,  and  persons  so 
invited  shall  be  permitted  to  read  papers  and  take  part  in  the  proceedings  and  dis- 
cussions. 

40. — Discussion  may  be  invited  on  any  paper  published  by  the  Institution,  at 
meetings  of  any  of  the  Federated  Institutes,  at  which  the  writer  of  the  paper  may 
be  invited  to  attend.  Such  discussion,  however,  shall  in  all  cases  be  submitted  to 
the  writer  of  the  paper  before  publication,  and  he  may  append  a  reply  at  the  end  of 
the  discussion. 

VII.— Publications. 

41. — The  publications  may  comprise — 

(a)  Papers  upon  the  working  of  mines,  metallurgy,  engineering,  railways,  and 

the  various  allied  industries. 
(J)  Papers  on  the  management  of  industrial  operations. 
(c)  Abstracts  of  foreign  papers  upon  similar  subjects. 
(rf)  An  abstract  of  the  patents  relating  to  mining  and  metallurgy,  etc. 
(c)  Notes  of  questions  of  law  concerning  mines,  manufactures,  railways,  etc. 


58  FEDEBATED   [NSTITTJTIOS   BYE-LAWS. 

42. — Each  paper  (with  complete  drawings,  if  any,  to  scale),  tn  ho  rem!  at  any 
merlin-  of  the  Iiistitulicn  or  01.  any  of  the  Federated  Institutes  shall  be  placed  in 
the  hands  of  the  Secretary  at  least  fourteen  days  before  the  (late  of  the  meeting  at 
which  the  paper  is  to  be  rend,  and  shall,  subject  to  the  approval  of  the  Council,  be 
printed,  together  with  any  discussion  or  remarks  thereon. 

43.— -The  Council  may  accept  enmmunicat  ions  From  persons  who  are  not  members 
of  the  Institution  and  allow  them  to  be  read  at  the  ordinary  or  annual  general 
meetings. 

44. — No  paper  which  has  already  been  published  (except  as  provided  for  in  Bye- 
Law  41),  shall  appear  in  the  publications  of  the  Institution. 

45. — A  paper  in  course  of  publication  cannot  be  withdrawn  by  the  writer. 

4fi. — Proofs  of  all  papers  and  reports  of  discussions  forwarded  to  any  person  for 
revision  must  be  returned  to  the  Secretary  within  seven  days  from  the  date  of  their 
receipt,  otherwise  they  will  be  considered  correct  and  be  printed  off. 

47. — The  copyright  of  all  papers  accepted  for  printing  by  the  Council  shall  become 
vested  in  the  Institution,  and  such  communications  shall  not  be  published  for  sale  or 
otherwise  without  the  written  permission  of  the  Council. 

48. — Twenty  copies  of  each  paper  and  the  accompanying  discussion  shall  be 
presented  to  the  writer  free  of  cost.  He  may  also  obtain  additional  copies  upon 
payment  of  the  cost  to  the  Secretary,  by  an  application  attached  to  his  paper. 
These  copies  must  be  unaltered  copies  of  the  paper  as  appearing  in  the  publication 
of  the  Institution,  and  the  cover  shall  state  that  it  is  an  "  Excerpt  from  the 
Transactions  of  the  Federated  Institution  of  Mining  Engineers." 

49. — The  Federated  Institutes  may  receive  copies  of  their  own  portion  of  the 
publications  in  respect  of  such  of  thejr  members  as  do  not  become  members  of 
the  Federated  Institution,  and  shall  pay  10s.  per  annum  in  respect  of  every  copy 
so  supplied  ;  and  similar  copies  for  exchanges  shall  be  paid  for  at  cost  price. 

50. — The  Local  Secretary  of  each  Federated  Institute  shall  prepare  and  edit  all 
papers  and  discussions  of  such  Institute,  and  promptly  forward  them  to  the 
Secretary,  who  shall  submit  proofs  to  the  Local  Secretary  before  publication. 

51. — A  list  of  the  members,  with  their  last  known  addresses,  shall  be  printed  in  the 
publications  of  the  Institution. 

52. — The  publications  of  the  Institution  shall  only  be  supplied  to  members,  and 
no  duplicate  copies  of  any  portion  of  the  publications  shall  be  issued  to  any  member 
or  Federated  Institute  unless  by  order  of  the  Council. 

53. — The  annual  volume  or  volumes  of  the  publications  may  be  sold,  in  the  com- 
plete form  only,  at  such  prices  as  may  be  determined  from  time  to  time  by  the 
Council;  to  non-members  for  not  less  than  £3  ;  and  to  members  who  are  desirous  of 
completing  their  sets  of  the  publications,  for  not  less  than  15s. 

54. — The  Institution  as  a  body  is  not  responsible  for  the  statements  and  opinions 
advanced  in  the  papers  which  may  be  read  or  in  the  discussions  which  may  take 
place  at  the  meetings  of  the  Institution,  or  of  the  Federated  Institutes. 


FEDERATED   INSTITUTION   BYE-LAWS.  59 

VIII. — Medals  and  other  Rewards. 
55. — The  Council  may  award  annually  the  sum  of  twenty  pounds,  in  the  form 
of  medals  or  other  rewards,  to  the  authors  of  papers  published  by  the  Institution. 

IX. — Property. 

56. — The  capital  fund  shall  consist  of  such  amounts  as  shall  from  time  to  time 
be  determined  by  resolution  of  the  Council. 

57. — The  Institution  may  make  use  of  the  following  receipts  for  its  expenses  : — 

(a)  The  interest  of  its  accumulated  capital  fund ; 

(b)  The  annual  subscriptions ;  and 

(c)  Receipts  of  all  other  descriptions. 

58. — The  Institution  may  form  a  collection  of  papers,  books,  and  models. 

59. — Societies  or  members  who  may  have  ceased  their  connection  with  the 
Institution  shall  have  no  claim  to  participate  in  any  of  its  properties. 

60. — All  donations  to  the  Institution  shall  be  acknowledged  in  the  annual 
report  of  the  Council. 

X. — Alteration  of  Bye-Laws. 

61. — No  alteration  shall  be  made  in  the  Bye-Laws  of  the  Institution,  except  at  a 
special  meeting  of  the  Council  called  for  that  purpose,  and  the  particulars  of  every  such 
alteration  shall  be  announced  at  their  previous  meeting,  and  inserted  in  the  minutes, 
and  shall  be  sent  to  all  members  of  Council  at  least  fourteen  days  previous  to  such 
special  meeting,  and  such  special  meeting  shall  have  power  to  adopt  any  modification 
of  such  proposed  alteration  of  the  Bye-Laws,  subject  to  confirmation  by  the  next 
eusuing  Council  meeting. 
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PBEFACE. 


This  translation  of  the  Reports  of  the  French  Commission  on  the  Use  of 
Explosives  in  the  Presence  of  Fire-damp  in  Mines  was  made  by  Messrs. 
W.  J.  Bird  and  M.  Walton-Brown,  for  the  use  and  information  of  the 
Explosives  Committee  of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  and  is  issued  to  the  Members  of  the  Institute  by 
order  of  the  Council. 

Mr.  W.  J.  Bird  unfortunately  did  not  live  to  see  the  publication  of 
the  translation.  He  received  an  appointment  as  engineer  to  the  Persian 
Bank  Mining  Rights  Corporation,  Limited.  Arriving  at  Bushire,  in 
Persia,  on  September  1st,  1890,  he  left  that  port  on  September  14th, 
and  speedily  took  up  his  duties  by  exploring  for  coal  and  other  minerals, 
in  the  neighbourhood  of  Narrestoon,  in  the  Ghisakhun  mountains. 
While  engaged  at  his  explorations  for  the  Corporation,  he  was  seized 
with  remittent  fever,  and  died  on  October  14th,  1890,  at  the  Borasjoon 
caravanserai.  His  assistants,  Mr.  William  Bainbridge  and  Mr.  Alfred 
Alder,  had  his  body  conveyed  to  Bushire,  and  he  was  buried  on  October 
15th,  by  an  ordained  minister  of  the  Greek  Church,  in  the  Armenian 
Cemetery  at  Bushire. 


February  20th,  1891. 
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OF  THE  (FRENCH)  COMMISSION  0) 

ON   THE 

USE     OF     EXPLOSIVES 

IX   THE 

PRESENCE    OF    FIRE-DAMP    IN    MINES. 


HISTORICAL. 


FRENCH  COMMISSION  ON  FIRE-DAMP. 


The  French  Fire-damp  Commission,  instituted  by  law  of  the  26th  March,  1877, 
had  expressed  the  wish  that  the  Explosive  Substances  Commission  should  inquire 
if,  by  modifying  the  character  or  the  method  of  using  explosives,  it  was  possible 
to  diminish  the  effect  of  fire-damp  explosions  resulting  from  blown-out  shots.  To 
that  end,  Mr.  Aguillon,  who  was  willing  to  give  special  attention  to  the  question, 
had  temporarily  been  attached  to  the  Explosive  Substances  Commission,  and  made 
known  his  conclusions  in  a  report,  which  was  approved  at  their  sitting  of  2nd 
December,  1880. 

The  Commission  was  of  opinion  that,  the  temperature  of  ignition  of  fire-damp 
beiDg  from  1,112  degs.  to  1,292  degs.  F.,  there  existed  no  explosive  whose 
detonating  temperature  was  beneath  this  figure.  On  the  other  hand,  it  was 
considered  as  almost  impossible  to  find  a  process,  of  which  it  could  be  definitely 
asserted  that  it  prevented  with  certainty  contact  of  the  flame  of  the  explosive 
with  fire-damp. 

ENGLISH  COMMISSION. 

The  English  Fire-damp  Commission,  instituted  shortly  after  the  French  Com- 
mission, only  terminated  its  researches  in  1886.  (t) 

Their  labours  relative  to  explosive  substances  were  directed  by  Sir  F.  Abel,  one 
of  the  most  illustrious  members.  

(*)  This  sub-commission  is  composed  of  Messrs.  Mallard,  Inspector-General I  of  Mines \(  President) ; 
Corxu,  Member  of  the  Institute.  Engineer-in-'.'hief  of  Mines  ;  Sarrau,  Member  of  the  Institute, 
Engineer-in-Chief  of  Explosives;  i_olonel  Sebert  ;  Colonel  Castas  ;  Lambert.  Engineer-in- 
Chief  of  Explosives  ;  Major  Haffes,  of  the  Engineers;  Aouillos,  Engineer-in-Chief  ot  Mines; 
Le  Chatelier,  Engineer  of  Mines ;  Vieille,  Engineer  of  Explosives  ;  Bbtoeau,  Engineer  of 
Explosives  (Secretary). 

(t)  Final  Report  of  Per  Majesty's  Commissioners  appointed  to  inquire  into  Accidents  in  Mines 
(16th  March,  1886).  See  also  "  Accidents  in  Mines,"  by  Sir  F.  Abel  (Minutes  of  Proceedings  of  the 
Institution  of  Civil  Engineers,  24th  May,  188"). 


2  FRENCH  COMMISSION — RKPOllT  ON  TIIK 

It  was  ascertained  that  powder  enclosed  in  a  shot-hole  about  2  feet  deep, 
completely  surrounded  by  water,  when  blown-out,  ignited,  four  times  out  of  six,  a 
mixture  of  air  and  tire-damp.  (*) 

At  Sir  F.  Abel's  suggestion  powder  was  replaced  by  dynamite,  compressed 
gun-cotton,  or  gun-cotton  mixed  with  a  proportion  of  a  nitrate  (saltpetre  or 
nitrate  of  barium)  necessary  for  the  complete  combustion  of  its  carbon.  In 
experiments  made  with  blown-out  shots  it  was  a-.eert. lined  that  a  charge  of  3  ounces 
of  dynamite  placed  at  the  bottom  of  a  shot-hole  2  feet  deep,  tamped  only  with 
six  inches  of  sand,  ignited  an  explosive  mixture  of  air  and  fire-damp. 

A  charge  of  one  of  the  high  explosives  above-mentioDed,  placed  at  the  bottom 
of  the  shot-hole  and  tamped  by  cylinders  full  of  water  (MacNab  process),  did  not 
ignite  mixtures  of  air  and  fire-damp,  non-explosive  by  themselves,  but  rendered 
inflammable  by  the  addition  of  a  sufficient  quantity  of  coal-dust.  Under  the  same 
conditions,  and  with  the  same  mixtures,  powder  caused  ignition. 

Sir  F.  Abel  had  proposed  in  1873  to  fire  explosives  in  the  midst  of  water,  so  as 
to  produce  a  perfectly  equal  distribution  of  the  pressure  on  the  sides  of  the  hole,  (t) 
He  considered  that  safety  would  be  obtained  by  adopting  this  process.  Experi- 
ments made  in  coal  showed  that  though  Sir  F.  Abel's  process,  had  real  economical 
advantages,  especially  in  blasting  in  coal,  it  produced  almost  the  same  results  as 
the  MacNab  process,  as  regards  safety.  Mixtures  of  air  and  fire-damp,  rendered 
explosive  by  dust,  were  never  ignited,  but  out  of  42  shots  fired  with  dynamite, 
ignition  of  a  mixture  of  air  and  fire-damp  occurred  six  times. 

Mr.  Galloway  having  proposed  to  place  moss  saturated  with  water  immediately 
abore  the  explosive,  the  Commission  ascertained  that  this  process,  except  a  slight 
advantage  (in  simplicity  and  cheapness),  had  nearly  the  same  effect  as  water. 

The  Commission  obtained  no  satisfactory  result  by  the  use  of  a  rather  singular 
process,  suggested  [by  Sir  F.  Abel,  and  tried]  by  Mr.  Galloway,  which  consisted 
in  placing  above  the  cartridge,  liquefied  carbonic  acid  gas  enclosed  in  iron 
cylinders. 

Furthermoie,  they  rejected  the  use  for  stemming  of  solid  materials,  capable  of 
producing  under  the  influence  of  heat  a  considerable  amount  of  water  or  gas,  such 
as  crystallised  carbonate  of  soda,  carbonate  of  lime,  &c.  Sir  F.  Abel  rightly 
remarked  that  there  would  certainly  not  be  time,  owing  to  the  suddenness  of  the 
detonation,  for  the  expected  disengagement  to  be  produced. 

To  sum  up,  the  English  Commission  spoke  favourably  of  the  use  of  gelatine- 
dynamite  (as  better  resisting  the  action  of  water).  The  cartridge  being  placed  at 
the  bottom  of  the  hole,  it  was  recommended  that  water  be  poured  in  to  fill  the  space 
between  the  sides  of  the  cartridge  and  those  of  the  hole,  then  to  stem  half  the 
depth  of  the  hole  with  moss  soaked  in  water,  and  to  complete  the  filling  with  water. 
It  was  remarked  that  this  process  suffices  against  mixtures  of  air  and  fire-damp 
non-explosive  in  themselves,  but  made  explosive  by  the  presence  of  coal-dust,  but 
was  only  comparatively  efficacious  when  the  mixture  of  air  and  fire-damp  was 
actually  explosive  in  itself. 

The  Commission  further  clearly  pronounced  against  the  use  of  the  Bickford  fuse, 
and  in  favour  of  electrical  firing. 

(*)  "  It  was  found  that  out  of  six  powder-shots,  consisting  of  charges  of  six  and  eight  ounces,  in 
3-inch  holes,  having  water  cylinders  2  feet  and  2  feet  2  inches  long  placed  over  them,  and  closely 
hit  in-  the  shot-holes,  the  l>lown-out  shot  fired  the  surrounding  gas  mixture  in  foui  instances  ;  in  a 
fifth  there  was  some  doubl  whether  ignition  had  tak'-n  place,  and  in  the  sixth,  fired  under  the 
same  conditions,  the  gas  mixture  was  not  ignit  d."— Final  Report,  p.  53. 

(t)  Then-  has  been  proposed  and  patented,  for  the  purpose  ofkeeping  the  cartridge  in  the  midst  of 
the  water  (under  the  name  of  the  "  settle  cartridge"),  a  bag  of  impermeable  paper,  the  diameter  of 
the  shot-hole,  which  bag  is  filled  with  water,  and  in  the  axis  of  which  the  explosive  cartridge  is 
maintained.  With  this  object  the  cartridge  is  fastened  in  a  tin  cylinder  provided  with  wings. 
Sir  F.  Abel  contests  the  validity  of  the  patent. 
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PRUSSIAN  COMMISSION. 

The  Prussian  Fire-damp  Commission,  instituted  October  6th,  1880,  have  published 
the  results  of  their  researches  from  time  to  time. 

Most  of  their  experiments  on  explosives  were  made  in  the  course  of  1885,  and  the 
results,  after  having  been  mentioned  in  several  technical  journals,  were  officially 
published  in  18S6.  (*)  Further  experiments  were  made  under  the  same  conditions 
as  the  earlier  ones,  from  May  to  September,  1887,  and  their  results  have  only 
been  published  in  the  later  numbers  of  the  Official  Mining  Journal  for  1887.  (t) 

The  experiments  of  the  Prussian  Commission  were  made  in  a  long  artificial 
gallery  constructed  on  the  waste  heap  at  the  Kbnig  Colliery,  near  Neunkirchen 
(Saarbruck).  By  means  of  sheets  they  were  able  to  isolate  in  this  gallery,  a 
compartment  containing  about  700  cubic  feet,  into  which  fire-damp  taken  from  the 
mine  was  introduced  to  make  an  explosive  mixture.  The  composition  of  this 
mixture  was  known  by  the  position  of  the  bell  of  the  gas-holder  in  which  the  gas 
was  enclosed. 

The  explosive  cartridges  were  either  laid  on  the  ground  or  stemmed  at  the 
bottom  of  holes  1  foot  8  inches  to  2  feet  deep,  drilled  iu  blocks  of  sandstone  or  coal 
2  feet  8  inches  to  3  feet  4  inches  in  length,  2  feet  4  inches  to  2  feet  8  inches  wide, 
and  1  foot  8  inches  thick.  The  blocks  were  covered  by  a  layer  of  coal-dust  from 
8  inches  to  1  foot  thick.  The  floor  of  the  gallery  was  covered  with  coal-dust  for 
from  11  to  22  yards  in  length. 

The  explosion  of  the  fire-damp  was  ascertained  by  observing,  through  windows 
suitably  placed,  the  flame  produced  at  each  explosion. 

The  results  obtained  by  the  Prussian  Commission  have  scarcely  been  consistent, 
and  its  conclusions  have  notably  varied  as  time  progressed. 

These  contradictions,  besides  those  inherent  to  the  subject  which  have  been 
met  with,  and  the  reason  of  which  will  be  explained  further  on,  seem  to  be  due  to 
several  causes,  among  which  the  principal  are  as  follow  : — 

(1)  Mixtures  were  often  used,  too  low  in  fire-damp  and  almost  non-inflammable 

(5  to  7  per  cent,  of  fire-damp). 

(2)  There  were  no  means  of  knowing  for  a  certainty  that  the  explosive  had  been 

fired  effectively.      It  will  be  seen  later  that  this  condition  is  the  most 
important  of  all  to  be  known. 
Be  that  as  it  may,  the  principal  results  at  which  the  Commission  progressively 
arrived  are  as  follows  : — 

Dynamite,  which  until  June  of  1885  had,  exploding  unconfined,  only  once 
ignited  fire-damp,  almost  invariably  ignited  it  in  the  experiments  of  July  in  the 
same  year.  The  Commission  attributed  this  change  to  the  substitution  of  a  dry 
dynamite,  that  is  to  say,  one  in  which  the  nitro-glycerine  is  thoroughly  absorbed 
by  the  silica,  for  a  wet  dynamite,  from  which  the  nitro-glycerine  had  some 
tendency  to  exude. 

Blasting- gelatine  (*)  in  1885  had,  exploding  unconfined,  never  ignited  fire- 
damp, and  had  only  kindled  it  once,  when  tightly  stemmed  at  the  bottom  of  a 
shot-hole,  with  a  gaseous  mixture  containing  9  per  cent,  of  fire-damp.  In  1887 
ignition  was  effected  by  unconfined  explosion.  Oa  the  other  hand,  even  with 
heavy  charges  (9  88  ounces)  a  mixture  of  10  per  cent,  of  fire-damp  was  not  ignited 
when  the  cartridge  was  stemmed  in  shot-holes  drilled  in  blocks  of  sandstone. 

Gelatine- Dynamite  No.  1  (||)  did  not  ignite  tire-damp  in  1885  ;  in  1887  it  ignited 
Anlagen  zum  Haupt-Berichte  der  Preussischen  Schlagwetter  Commission. — Vol.  IV.,  p.  63-78. 
(1)  Zeitschrift  fur  terg-  Hutten-  und  Salinen  Wesen.— Vol.  XXXV.,  p.  271  and  852  (1887). 
(X)  Blasting-gelatine  consists  of  a  solution  of  gun-cotton  in  nitro-glycerine. 
(  )  A  mixture  of  65  per  cent,  of  blasting-gelatine  and  35  per  cent,  of  a  powder,  consisting  of 
saltpetre  and  of  a  carbonaceous  substance  (cellulose). 
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Hre-damp  and  coal-dust,  exploding  unconfined.  Butachargeofl0'58  ounces  stemmed 
at  the  bottom  of  a  shot-hole  did  not  ignite  a  10  per  cent,  mixture  of  fire-damp, 
although  under  the  same  conditions  an  8*11  ounce  charge  of  powder  caused  ignition. 

Gelatine- Dynamite  No.  III.  (*),  which  is  exploded  with  difficulty,  exploding 
unconfined,  ignited  tire-damp  in  1885  and  1887. 

Vom/rressed  Gun-cotton  (t)  did  not  ignite  lire-damp  on  detonation  either,  uncon- 
fined or  stemmed  at  the  bottom  of  a  hole,  either  in  1885  or  in  1887. 

Gun-cotton,  mixed  with  50  per  cent,  of  nitrate  of  harium,  untried  in  1885,  had, 
exploding  unconfined,  ignited  fire-damp  in  1887. 

Hellhoffite  (£)  did  not  ignite  Hre-damp  in  1885,  either  exploding  unconfined  or 
stemmed  at  the  bottom  of  a  shot-hole.    The  experiments  were  not  repeated  in  1887. 

Carbonite  (||)  consists  of  saltpetre,  cellulose,  and  a  mixture  of  nitro-glycerine,  with 
a  peculiar  sulphurous  oil  (II).  The  inventors  have  introduced  two  varieties  of  this 
substance.  No.  1  ignited  coal-dust  alone.  No.  2  proved  thoroughly  safe  in  42 
experiments  made  with  3'53  oz.  cartridges,  find  amongst  mixtures  containing  up  to 
9  per  cent,  of  fire-damp.  It  was  then  used  on  a  large  scale  in  the  Konig  Colliery 
for  driving  three  drifts  to  the  coal  of  the  gassy  Carlowitz  Pit. 

Explosions  occurred  five  times  in  very  feebly  explosive  mixtures  of  fire-damp 
and  dust ;  the  presence  of  fire-damp  was  barely  shewn  on  the  benzine  lamp,  and 
there  was  little  coal-dust.  In  four  out  of  these  five  cases  the  shots  worked  well, 
in  the  fifth  the  shot  was  blown-out,  which  appears  to  be  not  uncommon  with  car- 
bonite, securite,  and  roburite.  Four  of  the  charges  were  from  4  to  4 \  (3"53oz.) 
cartridges  ;  for  the  blown-out  shot  and  for  another  of  the  five  shots  the  charge 
was  only  from  2  to  2^  cartridges.  Although  the  four  successful  shots  only  caused 
local  explosions,  the  blown-out  shot  ignited  the  coal  in  place. 

Further  tests  were  then  made  in  the  experimental  gallery,  and  with  14 "11  oz.  of 
carbonite,  coal-dust  was  ignited  twice  out  of  five  times. 

It  should  be  added  that  the  low  power  of  the  explosive,  which  otherwise  gave 
it  in  working  coal  a  superiority  over  other  blasting  explosives,  did  not  permit  the 
employment  of  small  charges  in  the  mine. 

Kinetite,  of  a  complex  composition,  containing  chlorate  of  potash,  did  not  ignite 
gas.  The  presence  of  chlorate  of  potash  makes  this  substance  too  dangerous,  for 
its  use  to  be  recommended. 

As  for  Securite,  consisting  of  dinitro-benzol  and  nitrate  of  ammonium  in  various 
proportions,  with  a  nitrated  resin,  and  traces  of  naphthalene,  and  nitrate  of  soda,  two 
different  mixtures  had  given  good  enough  results  in  April  and  May,  1887,  but  in 
August  the  same  year  a  3"53  oz.  cartridge  suspended  in  a  10  per  cent,  mixture  of 
fire-damp  produced  explosion  twice  out  of  thrice. 

Roburite  consists  of  a  chlorinated  nitrated  hydro-carbon  and  nitrate  of 
ammonium  in  various  proportions  : — 

(1)  Roburite  of  the  old  composition,   containing  picric  acid,  ignited  gas  when 

the  cartridge  was  inclined  at  40  degrees. 

(2)  Toi  pedo-roburite  ignited  the  mixture  containing  5  per  cent,  of  fire-damp. 

(3)  Mine-roburitel.,  composed  of  dinitro-chloro-benzol,  and  nitrate  of  ammonium 

(without  picric  acid)  ignited  once. 

(4)  Mine-roburite  II.,  similar  to  the  last,  but  containing  phenol  besides,  did  not 

cause  ignition,  even  when  the  cartridge  was  inclined  at  40  degrees. 

(*)  Mixture  of  25  per  cent,  blasting-gelatine  and  65  per  cent,  of  the  same  powder  as  above. 

(t)  The  percentage  of  nitrogen  is  not  given. 

(J)  Mixture  of  diuitrobenzol  and  concentrated  nitric  acid. 

(|i)  Sir  F.  Abel  (Min.  of  Proc.  of  the   Inst,  of  Civil  Eng  loe.  cit.)  says  that  carbonite  consists  of 

saltpetre,  nitrate  of  barium,  nitro-benzol,  and  cellulose.    He  does  not  admit  that  it  can  ensure 

safety,  because  its  explosion  must  be  accompanied  by  flame. 

[(H)  Sulphuretted  benzol.] 
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Litlwtrite,  from  Demeuse  (Aix-la-Chapelle),  caused  one  ignition. 

Srhultze  powder  from  Messrs.  Voltz,  Lichtenberg  and  Co.,  of  Ludwigshafcn,  did 
not  prove  itself  safe  in  a  finely  divided  state.  The  powder  slightly  compressed, 
caused  ignition  with  8  per  cent,  of  fire-damp.  The  powder  strongly  compressed 
never  caused  ignition. 

The  Bornhardt  15  grain  detonators  did  not  cause  ignition  even  with  8  per  cent, 
of  fire-damp. 

Mr.  Hugo  Lohmann,  after  having  given  (in  the  Zeitschr  fur  Berg-  Hutten-und 
Salinen  Wesen)  a  summary  of  the  experiments  of  the  Commission  on  the  various 
explosives,  concludes  with  these  words  : — 

"After  the  experiments  just  described,  the  author  is  of  opinion  that  the 
use  of  the  actually  known  blasting  explosives,  in  the  presence  of  fire-damp,  and 
more  particularly  in  workings  containing  dry  coal-dust,  is  much  more  dangerous 
than  has  hitherto  been  usually  believed,  and  that  the  prohibition  of  the  use  of 
powder  and  analagous  explosive  substances,  would  have  but  an  insignificant 
influence  on  the  number  of  explosions  of  fire-damp  or  coal-dust  "  (*). 

The  Prussian  Commission  did  not  spend  much  time  in  considering  the  best  means 
of  firing  the  explosive. 

Some  experiments  were  made  (May- August,  1887)  with  safety-fuse.  The 
experimental  gallery  was  filled  with  mixtures  of  air,  coal-dust,  and  fire-damp,  in 
which  the  latter  varied  from  4  per  cent,  to  6§  per  cent.  One  of  the  ends  of  the  fuse 
was  inserted  in  a  shot-hole,  the  outer  end  cutoff,  and  the  free  end  was  then  ignited 
inside  the  gallery.  Nothing  occurred  when  the  mixture  contained  only  4  per  cent. 
of  fire-damp  ;  when  this  proportion  was  exceeded,  an  unsteady  flame  existed  for 
some  seconds,  very  feeble,  bluish  or  yellowish,  in  the  upper  parts  of  the  gallery 
adjacent  to  the  fuse.  With  6§  per  cent,  a  feeble  explosion  occurred  repeatedly. 
With  10  per  cent,  of  fire-damp  an  explosion  immediately  occurred  (t). 

The  Prussian,  like  the  English  Commission,  sought  to  ascertain  if  it  was  possible 
to  ensure  security  by  using  explosives  in  any  particular  method.  They  only 
experimented  with  the  water-cartridges  previously  proposed  by  Sir  F.  Abel.  7  "05 
ounce  cartridges  of  dynamite  were  placed  in  the  midst  of  the  "Settle  water- 
cartridge  "  filled  with  water,  and  laid  on  the  floor  of  the  gallery.  Under  these 
conditions  it  was  impossible  to  ignite  the  gas,  even  with  high  percentage  of  fire- 
damp, and  on  firing  three  such  cartridges  at  once.  In  one  experiment,  ten  3-53 
ounce  cartridges  of  dynamite,  each  enclosed  in  its  water-cartridge,  were  fired 
at  once  in  a  10  per  cent,  mixture  of  fire-damp,  without  igniting  the  gas. 

Ignition  of  the  explosive  mixture  could  only  be  effected  with  2 2  pounds  of 
dynamite,  divided  into  seven  water-cartridges  laid  on  the  floor  of  the  gallery,  and 
covered  with  coal-dust. 

The  Settle  water-cartridges  are  paper  bags  1  foot  8  inches  in  length,  1^  inches  in 
diameter  for  ordinary  cartridges,  1^  inches  diameter  for  larger  cartridges.  In 
order  to  assure  the  complete  surrounding  of  the  cartridge  by  water,  a  wood 
plug  is  slipped  into  the  bottom  of  the  bag,  and  a  tamping  of  clay  is  placed  above 
the  water  before  closing  the  mouth  of  the  bag. 

(*)  Zeitschr  fur  Eerg-  Hiitten  unci  Salinen  Wesen,  XXXV.  %  44,  p.  356.  The  Mining  Council  of  Bonn 
was  doubtless  inspired  with  similar  ideas  in  drawing  up  the  Regulations  for  Mines,  of  August  1st, 
18S7  (in  which  blasting  is  prohibited)  without  distinction  of  explosives,  in  all  parts  of  the  mine 
where  fire-damp  shows  in  the  lamp.  It  is  only  where  admittedly  inflammable  coal-dust  is  found 
that  a  distinction  is  made,  and  powder  is  specially  prohibited. 

(tl  The  ignition  of  explosive  mixtures  of  fire-damp  by  the  fuse,  under  the  conditions  in  which 
it  was  placed  by  the  Prussian  Commission  cannot  be  doubted.  These  experiments  are  only  quoted 
to  confirm  the  lower  limit  of  inflammability  of  mixtures  of  air  and  fire-damp,  which  had  been 
previously  fixed  by  Messrs.  Mallard  and  Le  lhatelier,  between  56  per  cent,  and  6  per  cent,  of  fire- 
damp. Contrary  to  the  opinion  of  Sir  P.  Abel,  the  presence  of  coal-dust  does  not  lowei  or  only 
slightly  lowers  this  limit. 


6  FRENCH  <  I'M  MISSION— REPORT  ON  T1IK 

The  reporter,  Mr.  Hugo  Lohmann,  states  that  the  use  of  water-cartridges 
with  high  explosives  gives  a  high  degree  of  safety,  although  it  may  not  be 
absolutely  safe  under  all  circumstances.  He  adds,  however,  that  the  use  of  these 
cartridges  entaila  a  long  manipulation,  and  is  not  economical  in  coal,  on  account 
of  the  considerable  enlargement  of  the  shot-holes  which  it  necessitates. 

Moreover,  he  mentions  (from  special  communications)  that  explosions  have 
occurred,  notwithstanding  the  use  of  water-cartridges,  in  the  Derby  and  Newcastle 
districts  in  England.  He  also  quotes  an  explosion  of  fire-ilamp,  mentioned  by  Mr. 
Joseph  Bohm  (No.  13,  of  the  Oester  :  Zeitschr  fur  B.  u.  H.  W.,  of  1887),  which 
occurred  in  the  sinking  of  a  pit,  with  a  hole  4  feet  4  inches  deep,  charged  with 
dynamite  stemmed  with  water  and  fired  by  electricity. 

Lastly,  the  Commission  tried  the  use  of  crystallised  carbonate  of  soda  in  place 
of  water.  With  a  charge  of  3 "53  ounces  of  dynamite,  there  was  no  explosion  ;  but 
with  three  similar  cartridges  fired  simultaneously,  there  were  two  explosions. 

Mr.  H1140  Lohmann  attributes  the  favourable  influence  of  water  and  of  carbonate 
of  soda  to  the  cooling  effect  produced  by  a  partial  volatilisation  of  the  water  caused 
by  the  temperature  of  explosion.  It  will  be  3een  later  that  this  opinion  is  very 
questionable,  and  that,  according  to  the  views  of  Sir  F.  Abel,  under  these 
conditions  there  is  very  little  probability  of  the  volatilisation  of  the  water  of 
the  carbonate  of  soda.  It  is  possible  that  the  same  effect  might  be  produced  by 
replacing  the  carbonate  with  an  inert  substance,  such  as  very  finely  powdered  sand. 

In  conclusion,  Mr.  Hugo  Lohmann  mentions  the  experiments  made  by  Mr.  Muller, 
managing  director  of  the  Rhenish-Westphalian  Explosives  Company,  of  Cologne,  who 
proposes  to  add  carbonate  of  soda  to  the  mixture  itself.  Trials  made  on  the 
31st  August,  1887,  in  the  experimental  gallery  of  the  Commission,  with  a  mixture 
of  10  parts  of  dynamite  (77  percent,  of  nitro-glycerine)  with  7  parts  of  carbonate  of 
soda  gave  favourable  results.  Further  trials  have  proved  that  the  new 
explosive,  to  which  the  name  of  "  wetter-dynamite  "  has  been  given,  gives  satis- 
factory and  economical  results  in  blasting  coal,  on  account  of  the  diminution 
in  its  explosive  force. 

SAXON  COMMISSION. 

The  Saxon  Fire-damp  Commission  (*)  made  some  experiments  on  the  danger 
of  explosives  in  the  presence  of  fire-damp.  These  experiments,  besides  being  few 
in  number,  have  not  elicited  anything  new. 

AUSTRIAN   COMMISSION. 

The  results  of  the  Austrian  Fire-damp  Commission  are  not  yet  known. 
However,  Mr.  Johann  Meyer,  gives  some  information  on  this  subject  in  a  very 
interesting  report  on  a  competition  for  a  prize  of  £475,  generously  offered  by 
coalowners  of  the  Ostrau-Karwin  district  to  "  the  discoverer  of  a  process  to 
supersede  blasting  in  fiery  mines,  or  to  render  it  safe." 

According  to  Mr.  Meyer,  the  local  committee  of  the  Ostrau-Karwin  coalfield  has 
ascertained  that  hellhoffite  and  blasting  gelatine  stemmed  at  the  bottom  of  a  shot- 
hole  did  not  ignite  a  mixture  containing  as  much  as  10  per  cent,  of  fire-damp,  and 
that  it  is  even  sufficient  to  cover  these  explosives  with  from  2  inches  to  2^  inches  of 
sand  to  prevent  the  ignition  of  fire-damp. 

With  powder,  ignition  of  gas  occurred  even  when  the  hole  was  stemmed, 
and  did  not  blow  out,  and  the  more  so  with  the  same  covering  of  sand 
which  made  the  high  explosives  safe. 

(*)  Uebersicht  iiber  die  Thatigkeit  der  Commission  zur  Revision  der  bergpolizeilichen  Vorsckriftcn 
iu  Sachsen— Jahrbuch  fur  das  Berg  und  Huttenwesen  im  Kbnigreiche  Sachsen  (1886). 
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On  the  other  hand,  cartridges,  exploding  unconfiDed,  of  blasting-gelatine  or 
hellhoffite  (*)  have  ignited  explosive  gaseous  mixtures  at  every  shot. 

These  results  prove,  says  Mr.  Meyer,  that  "  when  an  explosive  is  fired 
unconfined  the  possibility  of  the  ignition  of  fire-damp  or  of  coal-dust  can  never  be 
avoided." 

It  is  to  be  noted  that  the  conclusions  of  the  Prussian  Commission  and  those 
of  Mr.  Meyer,  would  (after  numerous  contradictory  experiments)  lead  one  to  the 
result  which  had  a  priori  been  foreseen  by  the  French  Explosive  Substances  Com- 
mission in  its  report  of  2nd  December,  1880. 

Mr.  Meyer,  however,  questions  the  very  pessimistic  conclusion  of  Mr.  Lohmann, 
which  has  been  previously  quoted.  He  remarks  that  shots  fired  with  high 
explosives  blow  out  but  seldom,  and  that  when  they  are  not  blown-out  they  ignite 
neither  explosive  mixtures,  nor  dusts,  although  shots  fired  with  powder  can 
ignite  both,  even  without  being  blown  out.  This  proves  the  great  advantages 
gained  by  the  substitution  of  high  explosives  for  powder. 

Mr.  Meyer  points  out  the  grave  danger  which  is  incurred  by  the  use  of  fuse  in 
firing  shots.  Blasting  in  places  where  fire-damp  can  be  detected  is,  it  is  true, 
forbidden  ;  but  the  safety  of  the  mine  then  depends  on  the  observance,  impossible  to 
ensure,  of  a  rule  often  actually  broken.  Mr.  Meyer  goes  so  far  as  to  attribute 
two-thirds  of  the  accidents  from  fire-damp  to  the  employment  of  fuse. 

He,  moreover,  remarks  that  the  use  of  electricity  may  become  dangerous  with 
the  sparks  from  high-tension  electricity  ;  he  considers  its  use  (doubtless  with 
exaggeration)  as  impossible  in  mines. 

After  this,  it  will  be  no  cause  of  surprise  that  the  jury  have  awarded  a  large 
portion  of  the  proposed  prize  to  Lieut. -Col.  Lauer,  the  inventor  of  a  friction 
detonator,  placed  in  the  cartridge,  and  fired  by  means  of  a  wire  passing  through 
a  tube  embedded  in  the  stemming. 

According  to  Mr.  Meyer,  Col.  Lauer's  process  is  at  present  in  exclusive  use  in 
several  mines  in  the  Ostrau  coalfield  ;  it  can  be  used  in  all  cases,  even  with  the 
water  stemming,  and  its  cost  is  very  slightly  above  that  of  ordinary  fuse. 

There  is  nothing  requiring  further  note  in  Mr.  Meyer's  interesting  report, 
except  some  information  on  wetter-dynamite  which  has  been  tested  in  several 
mines,  from  an  economical  point  of  view.  It  was  ascertained  that  this  explosive  is 
difficult  to  fire,  and  as  regards  its  useful  effect  did  not  give  absolutely  satisfactory 
results. 

Such  are  nearly  all  the  facts  known  at  present  relative  to  the  subject  matter  of 
this  Commission.  Many  of  them  were  published  during  the  course  of  these 
researches,  and  some  even  after  their  completion. 


ACTION  OF  COAL-DUST. 
The  Prussian  Commission  gave  much  attention  to  the  part  played  by  dusts, 
either  alone,  or  in  combination  with  fire-damp.  Two  members  of  the  Sub- 
Commission  (t)  have  already  studied  the  Prussian  experiments  from  this  point  of 
view,  and  have  shown  that  they  seem  rather  to  confirm  the  opinion,  which  they 
had  already  upheld  and  supported  by  independent  researches,  namely,  that  coal-dust 
only  plays  a  subordinate  part  in  mine  explosions.     Sir  F.  Abel,  in  a  recent  paper, 

(*)  Mr.  Margraf,  in  an  article  published  in  the  Zeitschrift  fur  das  Berg,  Hutten  und  Salinenwesen 
in  Preussischen  Staate  (Vol.  XXXIV.  1886),  announced  that  he  had  not  been  able  to  ignite  explosive 
mixtures  with  hellhoffite.  Further  experiments  not  yet  published  have,  according  to  Mr.  Meyer, 
led  Mr.  Margraf  to  conclude  that  non-protected  cartridges  of  hellhoffite  ignite  explosive  mixtures. 
Mr.  Sharizer,  of  Kossitz,  is  said  to  have  even  ignited  coal-dust  with  this  explosive. 

(t)  MM.  Mallard  and  Le  Chatelier,  "  On  the  work  of  the  Prussian  Fire-damp  Commission.'' 
Ann.  des  Mines,  8th  series.    Vol.  IX„  p.  338  (1886). 
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before  the  London  Institute  of  Civil  Engineers,  has  just  given  the  support  of  his 
high  authority  to  this  opinion  (*). 

The  inflammability  of  mixtures  of  air  and  coal-dust  is,  moreover,  far  inferior  to 
those  of  air  and  fire-damp,  and  it  is  universally  agreed  that  similar  mixtures  can 
only  be  ignitod  by  the  influence  of  intensely  hot  flame.  It  i*,  therefore,  very 
evident  that  an  explosive  considered  sufficiently  safe  in  the  most  explosive 
mixtures  of  air  and  fire-damp  will,  a  fortiori,  be  perfectly  safe  in  the  presence  of 
mixtures  of  air  and  dust. 

It  has,  therefore,  been  considered  a  complication  of  slight  value  in  the  experi- 
ments, to  place  coal-dust  in  a  state  of  suspension  in  the  gaseous  mixture. 

Some  experiments,  however,  were  made  with  dusts,  and  are  quoted  here  to  avoid 
further  repetition. 

It  was  ascertained  that  dynamite  exploding  unconfined,  in  the  presence  of  coal- 
dust  (very  fine  and  very  inflammable)  (t),  did  not  ignite  these  dusts. 

Dynamite,  burning  without  explosion,  did,  on  the  contrary,  ignite  the  dust,  as  has 
been  shewn,  by  placing  a  charge  of  772  grains  of  dynamite  in  a  cylindrical  hole 
drilled  in  a  block  of  wood,  covered  with  coal-dust,  the  dynamite  beiDg  ignited 
with  a  Bickford  fuse  without  a  detonator. 

A  dynamite  charge  of  772  grains  placed  in  a  tin  tube  "98  inch  internal  diameter, 
and  1*57  inch  external  diameter,  stemmed  five  inches  deep  with  very  fine  coal-dust, 
did  not  ignite  fire-damp. 

COMMISSION  APPOINTED  BY  THE  MINISTER  OF  PUBLIC  WORKS. 

In  consequence  of  the  publication  of  the  first  series  of  experiments  made  by  the 
Prussian  Commission,  which  seemed  to  attribute  an  almost  complete  safety  to 
the  use  of  certain  explosives,  the  Minister  of  Public  Works  appointed,  on  the 
12th  February,  1887,  a  Commission  (J),  charged  with  the  study  of  questions  relative 
to  the  use  of  explosives  in  fiery  mines. 

From  its  earliest  sittings,  this  Commission  considered  it  necessary  to  repeat 
the  experiments  of  the  Prussian  Commission.  After  a  consultation  between  the 
Ministers  of  War  and  Public  Works,  it  was  decided  thit  the  Explosive  Substances 
Commission,  appointed  by  the  Minister  of  War,  should  be  charged  with  this 
experimental  investigation.  Messrs.  Mallard,  Aguillon,  and  Le  Chatelier  were 
temporarily  attached  for  this  purpose. 

The  Explosive  Substances  Commission,  at  its  sitting  of  31st  March,  1887, 
nominated  a  Sub-Commission,  whose  names  have  already  been  given,  to  proceed 
with  the  necessary  researches. 

Since  the  4th  April,  this  Sub-Commission  settled  the  programme  of  experi- 
ments, which  were  continued  without  interruption,  and  the  results  of  which  are 
about  to  be  made  known. 

(*)  The  Institution  of  Civil  Engineers,  Minutes  of  Proceedings,  24th  May,  1S87,  p.  167  and  following. 
These  are  the  words  of  Sir  F.  Abel  alluded  to— "Mr.  Bedlington  had,  in  the  author's  opinion, 
expressed  the  rational  view  with  regard  to  the  coal-dust  question,  when  he  stated  that,  while  he  was 
not  convinced  that  dust  alone  would  serve  to  account  for  explosions  of  magnitude,  which  should 
be  of  very  much  more  frequent  occurrence  if  such  were  the  case,  he  admitted  that,  where  much 
dust  was  present,  explosions  were  greatly  aggravated  thereby." 

(t)  Blanzy  coal-dust  was  used,  which  two  of  the  members  of  the  Sub-Commission,  Messrs.  Mallard 
and  Le  Chatelier,  had  used  in  the  experiments  made  for  the  French  Fire-damp  Commission.— 
Ann.  des  Mines,  8th  series,  p.  5  (1882). 

(t)  This  Commission  consists  of  M.  Baton  de  la  Goupilliere,  Inspector-General  of  Mines  (President); 
Sarrau,  Engineer-in -Chief  of  Explosives  ;  Mallard,  Inspector-General  of  Mines  ;  Lorieux,  Inspector- 
General  of  Mines;  Aguillon,  Inspector-General  of  Mines  ;  Le  Chatelier,  Engineer  of  Mines  (Secretary). 


USE  OF  EXPLOSIVES  IN  MINES. 


CHAPTER  I. 


DESCRIPTION  OF  THE  APPARATUS  AND  METHODS  OF  EXPERIMENTING. 

The  experiments  would  have  had  little  interest,  if  they  had  been  a  repetition  of 
the  researches  of  the  Prussian  Commission,  which  were  made  as  nearly  as  practic- 
able under  actual  working  conditions. 

It  was  determined  to  conduct  the  observations  under  conditions  as  exactly 
defined  as  possible,  and  to  carry  on  the  researches  as  a  scientific  investigation. 

It  was  hoped  thus  to  account  for  the  anomalies;  noted  in  the  Prussian  experi- 
ments, and  even  to  be  able  to  formulate  laws  whose  results  would  be  immediately 
applicable  in  practice. 
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Figure  1.— Ground  plan.    Scale  1 :  400. 

a— Apparatus  for  generating  marsh  gas. 

b— Gasometer. 

c— Belleville  steam  boiler. 

d — Experimental  boiler. 

e— Shelter  for  the  experimenters. 

Not  possessing  a  natural  source  of  fire-damp,  recourse  was  had  to  marsh  gas, 
artificially  made,  and  the  most  convenient  process  was  employed  that  is  to  say, 
the  action  of  heat  on  a  mixture  of  acetate  of  soda  and  soda  lime  (*) 

It  was  intended  to  fire  the  explosives  in  a  closed  vessel,  so  as  to  be  able  to  make 
an  exact  measurement  of  the  amount  of  fire-damp  mixed  with  air,  to  be  able  to 
study  completely  the  conditions  of  the  detonation  of  the  explosives,  and  to  be 
always  well  assured  of  the  ignition  or  non-ignition  of  the  gaseous  mixture.  To 
fulfil  these  conditions,  a  steam  boiler  of  about  350  cubic  feet  capacity  was 
chosen. 

[(")  Soda  lime  is  lime  slacked  with  a  solution  of  causti    soda. 
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The  apparatus  was  erected  at  the  Sevran-Livry  Powder  Mill,  under  the  superin- 
tendence of  Mr.  Lambert,  director  of  the  works,  and  Mr.  Bruneau,  engineer  of 
explosives.     It  is  shown  in  a  general  way  in  Figure  1.     It  comprises  :  — 

(1)  An  apparatus  for  generating  marsh  gas  (a). 

(2)  A  gasometer  intended  for  the  collection  of  the  manufactured  gas  (6). 

(3)  A  small  Belleville  steam  boiler  used  to  raise  the  steam  to  work  an  ejector  (c). 

(4)  An  iron  boiler,  tested  to  8$  atmospheres,  provided  with  an  ejector  (</) 

(5)  A  shelter  for  the  experimenters  (e). 


Apparatus  for  generating  Marsh  Gas. — The  apparatus  used  for  the  generation 
of  the  marsh  gas  was  kindly  supplied  by  the  balloon  depot  at  Meudon  ;  it 
had  been  designed  and  used  there  for  the  generation  of  hydrogen  intended  to 
inflate  balloons.  It  consists  of  ten  iron  tubes  or  retorts,  7  feet  8£  inches  long 
(see  Figure  2),  fitted  with  cast  iron  plugs  at  one  extremity,  and  at  the  other  with  a 
screwed  extension  of  less  diameter  than  the  body  of  the  cylindrical  tube.     These 
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Figure  2.— Elevation  and  section  of  the  apparatus  used  for  generating  marsh  gas.    Scale  1 :  40. 

retorts  placed  in  two  horizontal  ranges  above  a  lire-grate,  are  held  in  position  by 
means  of  three  plates,  pierced  with  holes,  fixed  in  the  side  walls  of  the  furnace. 
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At  the  end  of  the  furnace  is  a  receiver,  to  the  bottom  of  which  curved  tubes 
penetrate,  connected  with  the  retorts  by  screwed  joints  ;  lastly,  a  pipe  2 '36  inches 
diameter  traverses  the  receiver,  ending  at  the  dome,  and  connects  it  with  the  little 
gasometer. 

The  charging  of  this  apparatus  is  effected  by  introducing  into  the  retorts  semi- 
cylindrical  troughs,  in  which  the  mixture  of  acetate  of  soda  and  caustic  soda  and 
lime  has  been  previously  placed.  Each  charge  consisted  of  about  \\  lbs.  of  the 
powdered  mixture. 

*.  Steam,  Ho  iler 


T' 
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Figure  3.— Plan  and  sections  of  the  boiler. 
The  retorts  being  charged,  a  wood-fire  is  kindled,  which  is  slowly  fed,  the  fuel 
being  distributed  uniformly  over  the  whole  surface  of  the  grate.      The  gases, 
having  passed  through  the  water  contained  in  the  receiver,  are  conveyed  to  the 
small  gasometer  6. 


12 


I  KKNCH   COMMISSIOM  -RETORT  ON  THE 


Experimented  Boiler. — The  boiler  employed  for  the  experiments  (Figure  3) 
measures  externally  18  feet  5^  inches  in  length,  and  4  feet  11  inches  in  diameter ; 
the  thickness  of  the  plates  ia  63  inch  on  the  cylindrical  part,  and  "55  inch  on  the 
egg  ends;  its  internal  capacity,  exclusive  of  the  reservoir  for  the  transmission  of 
pressure  to  the  pressure  gauge,  is  359 '2  cuhic  feet. 

The  boiler  is  provided  on  its  upper  part  with  an  elliptical  manhole  T,  1  foot 
1*78  inches  by  1  foot  5  72  inches;  with  a  rectangular  hole  t  placed  in  the  middle  of 
the  length,  measuring  394  inches  by  1*97  inches  for  the  insertion  of  charges,  and 
with  a  hole  E,  3 '94  inches  internal  diameter  on  which  the  steam  ejector  is  fixed. 

On  the  lower  part,  at  one  end,  is  a  circular  hole  A  l-97  inches  diameter  for  fill- 
ing the  boiler  with  air,  and  at  the  other  end  is  a  flanged-plate  b  for  the  purpose  of 
attaching  the  lead  pipe  which  connects  it  with  the  pressure  gauge  (*). 

On  the  horizontal  section,  passing  through  the  axis,  are  4  cocks  "39  inch 
diameter,  and  two  brass  plugs.  The  two  cocks  R,  R',  one  at  each  end  of  the  boiler, 
are  connected  with  the  gasometer  ;  a  third  lateral  one  r  is  connected  with  a  tube 
dipping  into  water,  which  permits  the  measuring  of  the  vacuum  obtained  by  the 
action  of  the  ejector  ;  lastly,  a  fourth  lateral  cock  r'  is  connected  with  a  water- 
gauge  formed  by  a  (J -tube. 

One  of  the  brass  plugs  is  provided  with  two  insulated  copper  wires,  which  allow 
either  a  spark  to  pass  into  the  gaseous  mixture,  or  raise  a  fine  iron  wire  to  red  heat. 


Figure  4.— Details  of  the  attachment  of  the  cartridge 
to  the  lid  of  the  small  hole  of  the  boiler. 

The  cartridges  of  the  various  explosives  to 
be  tested  are  introduced  through  the  rectangular 
hole  in  the  upper  part  of  the  boiler.  They  can 
also  be  introduced  through  the  manhole  if  their 
diameter  is  too  great ;  it  is  seldom  necessary 
to  use  this  means,  which  prolongs  the  operation. 

Electricity  is  generally  used  to  fire  the 
explosives.  For  this  purpose  the  lid  of  the 
small  hole  is  provided  with  two  screwed  plugs 
of  lignum- vit®  B  and  B'  (Fig.  4)  which  pass 
through  it.  Through  the  axis  of  each  of  these 
a  copper  rod  passes,  which  is  also  screwed, 
projecting  outside,  and  terminated  by  a  hook 
at  the  inner  end.  Lastly,  inthecentreof  the  lid 
are  fixed  two  small  copper  angle  plates  e,  e', 
the   open  arms   of   which  are  clamped   by  a 


(*)  This  pressure  gauge,  found  to  be  useless,  was  abandoned  after  the  first  experiments. 
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pressure  screw  V,  which  holds  fast  a  wooden  rod  b,  2  feet  5"53  inches  long,  at 
the  extremity  of  which  the  explosive  under  experiment  is  attached.  These  deal 
rods  1*18  inch  by  -2  inch  in  section  are  fitted  with  copper  wires/,  /',  connecting 
the  detonator  with  the  hooks  of  the  lid,  thus  forming  a  closed  circuit. 

Gasometer. — The  gasometer  measures  9  feet  2£  inches  in  diameter,  and  3  feet  3£ 
inches  in  height,  giving  it  a  capacity  of  about  217  cubic  feet. 

Boiler  and  Ejector. — The  steam  boiler  used  to  work  the  ejector  is  a  portable 
Belleville  of  12  horse-power ;  a  cock  placed  on  the  steam  pipe  drives  the  ejector 
by  a  current  of  steam  of  from  10  to  12  atmospheres  pressure  ;  this  last  apparatus 
will  produce  a  vacuum  of  six  inches  of  water-gauge  in  one  or  two  minutes. 

MODE  OF  CARRYING  OUT  AN  EXPERIMENT. 

The  boiler  was  well  aired  before  carrying  out  an  experiment.  The  plate  which 
closes  the  hole  A  in  the  bottom  was  raised  ;  steam  was  turned  on  to  the  ejector 
and  allowed  to  work  for  7  or  S  minutes  ;  all  the  other  openings  in  the  boiler  being 
closed,  a  current  of  air  traversed  the  boiler  from  one  end  to  the  other,  and  upwards 
from  the  bottom.  This  operation  being  completed,  all  the  apertures  were  closed, 
and  the  explosive  to  be  tested  was  introduced. 

The  cartridge,  fixed  on  the  wooden  rod,  was  fitted  with  a  detonator,  which  could 
be  fired  by  an  electric  current ;  the  copper  wires  of  the  rod  were  connected  with 
those  of  the  detonator,  and  with  the  hooks  of  the  copper  rods  which  pass  through  the 
wooden  plugs  in  the  lid  ;  to  fire  the  explosive,  it  was,  therefore,  necessary  to  fix  the 
wires  of  the  battery  to  the  ends  of  the  copper  rods,  which  project  above  the  lid, 
and  to  close  the  circuit. 

This  method  allows  the  explosives  to  be  tested,  to  be  fixed  beforehand  on  the 
rods  ;  it  is  then  only  necessary  to  fix  the  rod  between  the  two  angle  plates  by 
means  of  the  pressure  screw,  and  to  fasten  the  wires  on  the  hooks.  This  operation 
can  be  quickly  performed.  The  lid  being  in  position,  the  cartridge  will  be  in  the 
axis  of  the  boiler,  and  in  the  centre  line. 

The  joints  being  closed,  the  ejector  is  worked  and  the  water  rises  in  the  glass 
tube  connected  with  the  boiler  by  india-rubber  tubing. 

When  the  vacuum  is  seen  to  be  sufficient,  the  cover  of  the  ejector  is  closed,  being 
previously  coated  with  white  lead,  so  as  to  obtain  an  hermetical  joint,  and  to  be 
assured,  by  the  steadiness  of  the  water-gauge,  that  the  boiler  shows  no  leak. 

This  observation  made,  the  boiler  is  placed  in  communication  with  the  small 
gasometer,  and  the  two  cocks  placed  at  the  ends  of  the  boiler  are  simultaneously 
opened  to  allow  of  the  entrance  of  the  fire-damp  ;  the  gradual  descent  of  the  water 
in  the  gauge  is  observed  till  the  desired  proportions  of  air  and  fire-damp  are 
indicated. 

The  gas  penetrating  into  the  rarefied  air,  with  a  speed  of  many  yards  per  second, 
produces  a  first  mixing,  increased  by  the  re-entry  of  air  from  the  same  points  after 
shutting  off  the  connection  with  the  gasometer.  This  re-entry  of  air  is  effected  by 
opening  the  cocks  placed  at  the  ends  of  the  boiler. 

The  atmospheric  pressure  being  restored  in  the  interior  of  the  boiler,  all  the 
cocks  are  shut,  and  the  ejector  flange  is  replaced  by  a  solid  cap. 

An  experiment  can  now  be  made  ;  the  composition  of  the  gaseous  mixture  is 
then  obtained,  by  deduction,  from  the  volume  of  gas  used. 

The  conducting  wires  are  attached  to  the  little  rods  in  the  lid,  by  which  the 
explosives  are  introduced  and  the  circuit  is  closed.  When  the  explosive  tested, 
causes  ignition  of  the  gaseous  mixture,  it  is  indicated  by  the  heating  of  the  boiler 
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plates,  as  well  as  by  the  considerable  pressure  which  immediately  follows  the 
ignition  of  the  air  and  Hre-damp,  and  which  is  followed  by  a  depression  when  the 
water  vapour  is  condensed. 

It  was  intended  that  the  pressures  should  be  registered  by  meanB  of  a  recording 
pressure  gauge,  analogous  to  that  which  had  been  used  in  the  experiments  of  Messrs. 
Mallard  and  Le  Chatelier  on  explosive  gaseous  mixtures  ;  but  the  readings  of  the 
gauge  being  unreliable  and  delaying  the  experiments,  its  use  was  given  up. 

DESCRIPTION   OF  GAS  USED. 

The  combustible  gas  produced  in  the  retorts  and  stored  in  the  gasometer,  was 
analysed  as  follows  : — 

Per  cent. 

Air 10-8 

Gases  absorbed  by  bromine         ...  ..         ...  7 "9 

Carbonic  acid  gas  ...         ...         ...         ...         ...  0"0 

Fire-damp,  by  difference  ..  8T3 

No  tests  were  made  for  hydrogen. 

A  second  analysis  gave  nearly  the  same  result. 

The  presence  of  the  air  is  explained  by  the  fact  that,  for  economical  reasons,  the 
gas  produced  during  the  first  period  of  heating  was  used,  and  which  brought  over 
with  it  the  air  with  which  the  retorts  were  filled  at  the  commencement. 

Except  for  this  quantity  of  air,  which  must  be  taken  into  account  in  the  prepar- 
ation of  the  mixture  introduced  into  the  boiler,  the  gas  is  almost  pure  marsh  gas 
and  should  have  almost  the  same  properties. 

The  combustibility,  it  is  true,  should  be  a  little  increased  by  the  presence  of  the 
higher  hydro-carbons,  which  are  absorbed  by  bromine,  but  this  increase  cannot  be 
considered  as  very  material.  Indeed,  the  speed  of  propagation  of  ignition  in  a  tube 
is  sensibly  the  same  for  this  gas,  as  that  previously  determined  by  Messrs.  Mallard 
and  Le  Chatelier  for  fire-damp. 

Besides,  it  appeared  possible  that  natural  fire-damp  contains  a  notable  quantity 
of  hydro-carbons  absorbable  by  bromine,  and  it  seemed  advantageous,  as  regards 
the  accuracy  of  the  conclusions,  that  the  gas  used  should  be  a  little  more  combustible 
than  that  found  in  practice. 

Nearly  the  whole  of  the  experiments  have  been  made  with  a  mixture  formed  by 
introducing  into  the  boiler  a  volume  of  gas  producing  a  pressure  of  46  "46  inches  in 
the  water-gauge.  With  gas  containing  about  10  per  cent  of  air,  the  mixture  thus 
formed,  contains  about  10  3  per  cent,  of  marsh  gas.  This  is  nearly  the  most 
explosive  mixture. 

The  mixture  formed  by  the  introduction  of  a  volume  of  gas,  corresponding  to  a 
pressure  of  27'56  inches  of  water,  or  a  proportion  of  6*1  per  cent,  of  marsh  gas, 
developed  in  burning  a  feeble  pressure,  and  was  near  the  lower  limit  of  ignition. 

As  regards  facility  of  ignition  by  explosives,  no  marked  differences  were  found 
between  mixtures  containing  from  12"5  per  cent,  to  6'1  per  cent,  of  gas.  This 
is  in  accordance  with  the  fact,  ascertained  by  Messrs.  Mallard  and  Le  Chatelier,  for 
hydrogen  and  carbon  monoxide,  that  the  temperatures  of  ignition  of  mixtures  that 
these  gases  form  with  oxygen,  do  not  materially  vary  with  the  introduction  of  other 
gases,  notably  of  excess  of  nitrogen  and  oxygen. 
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CHAPTER  II. 

EXPLOSIVES  SUSPENDED  IN  THE  MIDST  OF  GASEOUS  MIXTURES. 

This  chapter  describes  the  experiments  made  with  explosives  freely  suspended, 
without  covering,  in  the  midst  of  gaseous  mixtures. 

The  third  chapter  is  devoted  to  experiments  made  by  placing  the  explosive  in  a 
closed  vessel. 

The  fourth  chapter  describes  experiments  on  detonators. 

A  fifth  and  last  chapter  is  devoted  to  conclusions. 

The  appendices  contain  a  summarised  table  of  the  experiments,  and  two  notes, 
purely  theoretical,  written  by  Messrs.  Mallard  and  Le  Chatelier. 

I. — DETONATOBS. 

The  question  of  detonators  are  considered  in  a  special  chapter.  It  is  sufficient 
to  state  here  that  plugged  caps  of  from  23  to  31  grains  of  fulminate  of  mercury 
do  not  ignite  explosive  mixtures,  although  plugged  caps  of  77  grains  do  ignite 
them. 

Plugged  caps  of  23  grains  were  almost  constantly  used  alone,  or  associated  in 
varying  numbers.  The  detonation  was  caused  by  a  wire  raised  to  red  heat  by  an 
electric  current. 

II. — EXPLOSIVES  ALKEADT  KNOWN. 

Experiments  have  been  made  with  the  following  explosives  already  known 
and  used  : 

(1)  Ordinary  blasting  powder. 

(2)  Military  gun-cotton,  containing  nitrogen  corresponding  to  the  production  of 

"81  cubic  inch  of  N02  per  grain  of  material,  in  an  analysis  by  the  Schloesing 
process  ;  strongly  compressed  into  cubes  of  432  grains. 

(3)  Mining  gun-cotton,  containing  nitrogen  corresponding  to  "76  cubic  inch  of 

N02  per  grain  of  material ;  strongly  compressed  into  cylindrical  cartridges 
of  463  grains. 

(4)  Gun-cotton,  still  less  nitrogenous,  equal  to  "68  cubic  inch  of  NOa  per  grain, 

in  compressed  cartridges  of  772  grains. 

(5)  Dynamite  No.  1  of  Vonges,  containing  25  per  cent,  of  randanite  (*) 

(6)  Dynamite  No.  0  of  Paulilles. 

(7)  Ammonia-dynamite  of  Paulilles. 

(8)  Blasting-gelatine  of  Paulilles. 

(9)  Gelatine-dynamite  of  Paulilles. 

All  these  dynamites  are  in  cartridges  of  772  grains. 

(10)  Favier  explosive. 

(11)  Hellhoffite. 

(12)  Pyroxiline  powder  fromMouUn-Blanc,  similar  to  Schultze  powder,  containing 

gun-cotton  and  nitrate  of  barium,  in  strongly  compressed  cartridges  of  772 
grains. 

(13)  A  powder,  of  similar  composition,  made  at  the  Belgian  Powder  Mills  at 

Wetteren. 

(14)  An  explosive,  again  of  similar  composition,    formed  by  a  mixture  of  gun- 

cotton  and  nitrate  of  barium. 

(15)  Bellite,  recently  introduced  by  Mr.  Lamm. 

[(*)  Randanite  is  a  silicious  material,  similar  to  kieselguhr,  found  in  the  neighbourhood  of  Ceyssat 
north  of  France,  it  is  supposed  to  be  felspar  decomposed  by  the  action  of  natural  mineral  waters.) 
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Blasting  Poioder. — The  ease  with  which  the  deflagration  of  ordinary  powder 
ignites  tire-damp  is  so  well  known  that  it  seemed  of  little  use  to  make  experiments 
on  that  point. 

It  has  been  proved  that  a  cartridge  of  463  grains  of  powder  suspended  in  the 
middle  of  a  kind  of  cylindrical  bag  of  impermeable  paper  filled  with  water  (the 
Settle  cartridge)  has  ignited  fire-damp  on  explosion.  The  numerous  devices  proposed 
at  different  times  to  avoid  the  danger  of  powder  in  fiery  mines,  by  tamping  with 
water,  thus  appear  condemned  in  a  decisive  manner. 

Dynamite  (No.  1  Vonges  and  No.  0  Paulilles). — The  No.  1  dynamite  from 
Vonges  and  the  No.  0  dynamite  from  Paulilles  consist  of  a  mixture  of  75  per  cent, 
of  nitro-glycerine,  and  of  25  per  cent,  of  silicious  earth.  They  behave  in  an  identical 
manner.  These  explosives,  when  unconfined,  are  easily  fired  by  the  use  of  one 
plugged  cap  of  23  grains  of  fulminate,  and  ignite  the  gaseous  mixture  in  which 
the  cartridge  is  suspended.  All  the  very  numerous  experiments  have  given  the 
same  result. 

Besides,  it  has  been  ascertained  that  a  cartridge  of  772  grains  of  dynamite,  placed 
in  the  rnidst  of  a  Settle  cartridge  filled  with  water  ignited  fire-damp  once  out 
of  two  trials. 

Ammonia-Dynamite  of  Paulilles. — Ammonia-dynamite  is  a  mixture  in  various 
proportions,  of  nitro-glycerine,  nitrate  of  ammonium,  and  of  carbonaceous  matter, 
intended  to  use  up,  in  burning,  the  excess  of  oxygen  produced  by  the  detonation 
of  the  dynamite  and  that  of  the  nitrate. 

The  Paulilles  ammonia-dynamite,  on  detonation,  ignited  the  gas  mixture,  when 
the  proportion  of  fire-damp  was  above  6*1  per  cent.,  that  is  to  say,  when  it  became 
clearly  inflammable. 

Gun-cotton. — Military  gun-cotton  (equal  to  81  cubic  inch  N0.2  per  grain)  (*) 
enclosed  in  the  very  thin  brass  cases  common  in  army  service,  ignited  tire-damp 
once  out  of  three  experiments. 

Mining  gun-cotton  (equal  to  "76  cubic  inch  N02  per  grain)  (t)  a  little  less  strongly 
compressed  than  military  gun-cotton,  and  without  a  case,  ignited  the  gaseous 
mixture  ten  times  in  ten  tests,  both  with  the  larger  (12*8  per  cent.)  as  well  as  the 
smaller  (5"7  per  cent.)  proportions  of  fire-damp. 

Gun-cotton  (equal  to  -68  cubic  inch  N02  per  grain)  (%),  strongly  compressed, 
and  without  a  case,  fired  by  the  action  of  two  detonators  of  23  grains  of  fulminate, 
ignited  the  gaseous  mixture  in  the  one  experiment  which  was  made. 

Blasting-Gelatine  and  Gelatine- Dynamite. — Blastiug-gelatine  is  a  solution  of 
gun-cotton  in  nitro-glycerine,  forming  a  sort  of  gum  or  rather  gelatine.  The  gun- 
cotton,  only  in  small  proportion,  should  be  just  sufficient  to  be  completely  burnt 
by  the  excess  of  oxygen  of  the  dynamite. 

Gelatine-dynamite,  of  much  more  variable  composition,  is  formed  of  blasting- 
gelatine  with  the  addition  of  a  dual  mixture  such  as  nitrate  of  potash  or  of  soda, 
and  charcoal  or  sawdust. 

In  warm  weather,  such  as  is  experienced  in  France  in  May,  these  explosives  are 
fired  easily.  During  winter  their  explosion  has  almost  always  been  incomplete  if 
not  nil,  with  caps  of  23  grains,  and  with  gelatine-dynamite  even  of  46  grains  of 
fulminate. 

C)  [If  cellulose  be  represented  by  the  formula  C24  H40  020,  the  various  nitrates  obtained  by 
treatment  with  sulphuric  acid  and  nitric  acid  may" be  represented  as  formed  from  cellulose,  by 
replacement  of  hydrogen  by  the  group  N02,  consequently  military  gun-cotton]  corresponds  very 
nearly  to  decanitric  cellulose  U24  H30  (N02)10  O20. 

(t)  This  corresponds  nearly  to  nononitric  cellulose  C24  H31  (N02)3  Oau. 

It)  This  corresponds  nearly  to  octonitric  cellulose  C24  H3a  (N02)8  Oao. 
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This  incomplete  explosion  can  be  very  simply  observed  by  noting  the  compression 
produced  in  the  boiler  by  the  firing  of  the  cartridge,  when  the  boiler  was  filled 
with  air  or  when,  filled  with  a  gaseous  mixture,  which  was  not  ignited  by  the 
explosive.  It  is  certain  that  when  the  gaseous  mixture  was  not  ignited,  the 
explosion  of  the  blasting-gelatine  or  the  gelatine-dynamite  did  not  cause  a  higher 
pressure  than  a  few  inches  of  water.  The  firing  of  the  detonator  did  not 
produce  a  sensible  pressure,  the  cartridge  detonated  therefore,  but  only  in  a  very 
partial  manner,  and  under  these  conditions  did  not  ignite  the  gas. 

By  increasing  the  power  of  the  detonator  the  ignition  of  gas  with  blasting- 
gelatine  and  gelatine-dynamite  was  ensured. 

It  may  be  said  that  blasting-gelatine  and  gelatine-dynamite  ignite  fire-damp,  in 
which  they  are  suspended,  every  time  that  they  explode,  more  or  less  completely. 

These  facts  have  induced  the  careful  study  of  the  method  of  firing  explosives, 
unconfined.     The  researches  on  this  matter  are  recorded  subsequently. 

Hellhoffite. — Hellhoffite  has  not  been  exploded  unconfined.  This  explosive  is 
said  to  be  composed  of  dinitro-benzol,  mixed  with  \\  to  1\  times  its  weight  of 
nitric  acid.  The  mixture  is  made  just  before  using,  which  appears  to  be  an 
obstacle  to  its  customary  employment  in  mines. 

Favier  Explosive. — Mr.  Favier's  explosive,  as  introduced  by  him  to  the 
Explosive  Substances  Commission,  is  essentially  composed  of  a  mixture  of 
9  per  cent,  of  mononitronaphthalene  and  of  91  per  cent,  of  nitrate  of  ammonia, 
so  that  the  nitronaphthalene  exactly  utilises,  in  burning,  the  excess  oxygen  in  the 
nitrate.  The  two  substances  are  intimately  mixed  and  very  strongly  compressed. 
A  cylindrical  hole,  in  the  middle  of  the  cartridge  weighing  849  grains  contains 
77  grains  of  powdered  material,  which  acts  as  an  intermediate  detonator,  and  is 
principally  composed  of  gun-cotton  and  nitro-glycerine. 

The  Favier  explosive  does  not  explode,  unconfined.  This  is  rather  an 
advantage  than  an  inconvenience,  if  there  was  a  certainty  of  its  detonation 
when  it  is  stemmed  in  a  shot-hole,  and  if  under  these  conditions  there  was  no  fear 
of  missed  shots.  Experiments  made  in  the  mine  can  alone  solve  this  question. 
Stemmed  in  metallic  tubes,  in  a  manner  which  will  be  described  further  on, 
this  explosive  was  only  detonated  very  incompletely,  even  with  77  grains  of 
fulminate. 

It  happened  once,  out  of  two  tests,  that  the  gaseous  mixture  was  ignited  by 
detonation  with  three  plugged  caps  of  23  grains  fulminate,  not  of  the  Favier 
explosive  itself  in  its  compressed  state,  but  the  material  of  the  explosive  reduced 
to  a  fine  powder. 

It  is  desirable  that  new  trials  should  be  made  upon  this  substance  which,  on 
account  of  the  similarity  with  the  explosive  proper,  should  not  be  condemned  with- 
out further  consideration,  as  regards  safety. 

In  any  case,  it  would  be  necessary  to  modify  the  nature  of  the  intermediate 
detonator,  which,  in  itself,  appears  liable  to  ignite  gaseous  mixtures. 

Bellite.—  Bellite,  recently  introduced  by  Mr.  Lamm,  should  be,  according  to  the 
inventor,  composed  of  80  parts  of  nitrate  of  ammonia  and  20  parts  of  dinitro-benzol. 

This  explosive,  as  shewn  later,  is  completely  detonated  when  confined. 

Unconfined,  it  fires  incompletely  with  a  detonator  of  19  grains  of  fulminate.  Its 
detonation  is  still  incomplete,  although  more  marked,  with  46  grains  of  fulminate. 

Two  tests  were  made  under  these  last  conditions,  on  a  warm  moist  day, 
without  causing  ignition  of  fire-damp. 
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The  composition  of  bellite,  as  stated  by  Mr.  Lamm,  does  not  seem  to  be 
exact.  Experiments  made  with  a  bomb  have,  indeed,  at  a  charging  density  of  "3, 
shown  a  pressure  of  about  181  foot-pounds,  whilst  the  theoretical  pressure 
(according  to  the  calculations  shewn  subsequently)  should  be,  at  that  density, 
about  239  foot-p .muds. 

The  mixture  of  20  puts  of  dinitro-benzol  and  80  parts  of  nitrate  of  ammonia 
gave,  under  the  same  conditions,  a  pressure  of  275  foot-pounds,  which  more  nearly 
approximates  to  the  theoretical  figure,  but  which  is  considerably  more  than  that 
obtained  with  bellite. 

A  cartridge  of  772  grains,  made  with  this  mixture,  did  not  ignite  the  gaseous 
mixture  in  the  midst  of  which  it  was  exploded  (1  test). 

Gun-cotton  loilh  Nitrate  of  Barium.— A  powder  manufactured  some  years  ago  at 
the  Moulin-Blanc  Powder  Mill,  and  which  was  found  in  the  magazines  at  Sevran, 
was  tested.     According  to  the  analysis  of  Mr.  Bruneau,  it  consists  of 

Per  Cent. 

Nitrate  of  barium 42*6 

Gun-cotton  ...         ...         ...         ...         ...         57'4 

A  cartridge  of  this  substance,  exploding  in  a  gaseous  mixture,  ignited  it. 
A  nitrated  cotton  from  the  Wetteren  Powder  Mill  (Belgium),  which  is  also  a 
mixture  of  gun-cotton  and  nitrate  of  barium,  also  ignited  the  gas. 

Pyroxyline  Powder  from  Moulin-Blanc. — The  pyroxyline  powder  manufactured  at 
the  Moulin-Blanc  Powder  Mill  is  a  mixture  composed  of — 

Per  Cent. 
Nitro-cellulose  (equal  to  "69  to  "73  cubic  inches 

N02  per  grain) 60 

Nitrate  of  barium      ...         ...         ...         ...         ...         30 

Saltpetre         6 

Bone-gelatine  .         ...         ...         ...  ..  3 

Paraffin  ...         ...         ...         ...         ...         ...  1 

This  substance,  which  is  sold  to  the  public  as  a  granular  powder,  has  been  used 
in  these  experiments  in  the  shape  of  prismatic  cartridges,  very  strongly  com- 
pressed, and  coated  with  paraffin.  It  explodes  easily  when  unconfined  with  a 
detonator  of  23  grains  of  fulminate. 

In  the  fourteen  experiments  which  were  made  with  this  substance,  suspended 
in  the  midst  of  a  gaseous  mixture,  it  only  twice  happened  that  the  detonation  of  the 
explosive  caused  the  ignition  of  the  gas. 

These  two  experiments  were  made  on  a  very  warm  and  sultry  day,  that  is  to 
say,  very  humid  ;  the  boiler,  strongly  heated  by  the  sun,  being  burning  hot  on  the 
outside,  and  the  internal  temperature  exceeding  104  degs.  F.  On  account  of  these 
atmospherical  conditions,  these  two  experiments  should  be  considered  as  somewhat 
abnormal.     This  point  will  be  considered  hereafter. 

III. — STUDY   OF  NEW   EXPLOSIVES,    NOT   IGNITING   FIRE-DAMP. 
The  example  of  the  pyroxyline  powder  showed  that  it  was  possible    to   find 
an  explosive  which,  fired  without  au  envelope,  did  not  ignite  gaseous  mixtures. 
The  manufacture  of  similar  explosives  might  be  examined  so  as  to  establish  the 
general  conditions  which  should  be  fulfilled. 

Dynamite  and  Soda  Crystals. — As  has  been  seen  in  the  historical  introduction, 
a  Prussian  Explosive  Manufacturing  Company  has  tried  a  mixture  of  dynamite 
with  powdered  soda  crystals. 
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An  intimate  mixture  of  No.  1  Vonges  dynamite  with  soda  crystals,  very  finely 
powdered,  does  not  ignite  fire-damp,  exploding  without  envelope,  when  the 
mixture  of  the  two  substances  is  made  with  equal  weights  of  both  substances 
(3  tests). 

Dynamite  awl  Crystallised  Sulphate  of  Soda. — The  carbonate  of  soda  was  replaced 
by  crystallised  sulphate  of  soda,  with  10  equivalents  of  water. (*)  It  was  ascer- 
tained that  the  mixture  of  dynamite  and  sulphate  of  soda,  in  equal  parts  does  not 
ignite  fire-damp  (1  test),  although  the  mixture  containing  two  parts  of  dynamite 
to  one  part  of  sulphate  does  ignite  it  (1  test). 

Dynamite  and  Ammonia-alum. — The  sulphate  and  carbonate  of  soda  are  not  only 
efflorescent,  but  are  also  liable  to  become  deliquescent  under  atmospheric 
conditions  which  may  occur  in  mines ;  they  may,  however,  be  replaced  by  a  very 
hydrated  salt,  very  stable,  and  having  the  advantage  of  being  almost  completely 
volatilised  when  decomposed  at  a  high  temperature,  viz.,  ammonia-alum. (+) 

A  mixture  of  dynamite  and  alum  in  equal  weights  did  not  ignite  gas  (2  tests). 

A  mixture  of  two  parts  of  dynamite  and  one  part  of  alum  ignited  the  fire- 
damp only  once  out  of  three  tests  ;  a  mixture  of  four  parts  of  dynamite  and  one 
part  of  alum  ignited  it  (1  test). 

Dynamite  and  Sal-Ammoniac. — If,  in  the  preceding  mixture?,  the  substances 
added  to  the  dynamite  act  by  absorbing  a  part  of  the  heat  of  explosion  in  the 
volatilisation  of  water,  the  use  of  a  hydrated  salt  is  not  indispensable  to  procure  the 
same  result.  It  suffices  that  the  salt  be  susceptible  of  decomposition  at  high  tempera- 
ture, thus  absorbing  heat ;  and  it  is  an  advantage,  as  regards  the  useful  effect 
of  the  mixture,  that  the  products  of  decomposition  should  be  gaseous. 

Sal-ammoniac  was  considered,  which  is  very  stable  at  ordinary  tempera- 
tures, and  is  decomposed  wholly  into  gases  only  at  high  temperature. 
For  such  purposes  the  sal-ammoniac  should  be  very  finely  powdered  (which  is 
rather  difficult)  and  very  intimately  mixed. 

With  mixtures  containing  67  per  cent,  of  dynamite  and  33  per  cent,  of 
sal-ammoniac  the  gas  was  ignited. 

With  mixtures  of  60  per  cent,  of  dynamite,  with  40  per  cent,  of  sal-ammoniac, 
ignition  occurred  only  once  out  of  three  experiments. 

With  mixtures  in  equal  weights,  there  was  no  ignition  of  gas  (3  experiments). 

Dynamite  and  Coal-Dust. — Most  varieties  of  coal  freely  give  off  volatile  produ  ts 
when  raised  to  a  not  very  high  temperature.  It  was,  therefore,  permissible  to 
suppose  that  mixtures  of  Coal-dust  and  dynamite  might  produce  the  same  effect  as 
the  mixtures  described  above. 

Dust  of  three  kinds  from  different  coals  were  supplied.  One,  from  Blanzy 
gave,  on  calcination  in  a  closed  vessel,  40  per  cent,  of  volatile  matter  ;  the  second 
from  Drocourt  (Pas-de-Calais),  contained  27*86  per  cent,  of  volatile  matter ; 
lastly,  the  third  from  Dourges  (Pas-de-Calais)  contained  23'6  per  cent,  of  volatile 
matter. 

Mixtures  containing  one  part  of  dynamite  and  one  part  of  Blanzy  coal-dust 
(2  experiments),  two  parts  of  dynamite  and  one  part  of  coal-dust  (1  experi- 
ment), and  even  four  parts  of  dynamite  to  one  part  of  dust  (1  experiment)  did 
not  ignite  the  fire-damp. 

With  equal  weights  there  was  no  ignition,  either  with  the  Drocourt  (I  experi- 
ment) or  the  Dourges  coal-dust  (1  experiment). 

[(*)  Glauber's  salts,  Na2  SO4  +  10  H2  0.] 
[(f)  Ammonia-alum,  (NH4)2  S04,  Al3  (S04)3+24  H20,  would  leave  Al2  03  as  solid  residue. 
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These  experiments  are  interesting,  but  there  is  not  much  prospect  of  finding  in 
mixtures  of  dynamite  and  coal-dust  an  explosive  showing  any  security;  for,  in 
spite  of  the  results  of  the  experiments,  it  seems  possible  that  with  coal  a  little 
more  inflammable,  or  under  peculiar  circumstances,  difficult  to  define,  the  coal- 
dust  raised  to  a  high  temperature  may  burn  in  the  air.  The  result  obtained 
with  lignite  renders  this  reservation  necessary. 

Dynamite  and  Lignite  Dust  (Brown  Coal). — Lignite  yields  a  still  larger  pro- 
portion of  volatile  matters  than  coal. 

A  brown  lignite,  coming  from  Germany,  powdered  under  rollers  at  the  Sevran 
Powder  Mill  was  used,  containing  62"4  per  cent,  of  volatile  matter. 

A  mixture  of  two  parts  of  dynamite  and  one  part  of  lignite  ignited  fire-damp. 

Th:s  result,  though  apparently  contradictory  to  the  former,  is  easily  accounted 
for,  if  it  be  considered  that  not  only  is  lignite  much  more  inflammable  than  coal, 
but  also  that  on  distillation,  a  kind  of  charcoal,  inflammable  at  a  low  temperature, 
is  produced. 

Dynamite  and  Nitrate  of  Ammonia. — Guided  by  the  theoretical  reasons,  subse- 
quently explained,  experiments  were  made  with  mixtures  of  dynamite  and 
nitrate  of  ammonia.  These  mixtures  differ,  however,  from  those  which  are 
known  under  the  name  of  ammonia  dynamite,  in  that,  not  desiring  to  increase  the 
mechanical  effect  of  the  explosive,  the  excess  of  oxygen  in  the  dynamite  and  in  the 
nitrate  was  not  utilised  by  the  addition  of  a  carbonaceous  substance. 

An  intimate  mixture  of  20  per  cent,  of  dynamite  (No.  1.  Vonges)  and  of  80  per 
cent,  of  nitrate,  exploded  unconfined,  in  two  experiments  did  not  ignite  the 
gaseous  mixture. 

Nitrate  of  ammonia  does  not  play  here  altogether  the  same  role  as  substances 
like  sal-ainmoniae,  because  it  is  itself  an  explosive,  and  gives  off  heit  in  decompo- 
sing into  nitrous  oxide  (N20)and  water  (H20).  But  it  gives  off  less  than  dynamite, 
and  the  explosive  effect  of  the  mixture  is  consequently  diminished.  The  theory  of 
these  phenomena,  will  be  hereafter  considered. 

Gun-cotton  and  Sal- Ammoniac. — Gun-cotton  has  been  mixed  with  various 
substances.  This  mixing  is  most  difficult ;  and  was  effected  under  the  lightest 
stones  at  the  powder  mill. 

The  first  experiments  were  made  with  mixtures  of  mine  gun-cotton  with 
sal-ammoniac. 

A  mixture  of  80  per  cent,  of  mine  cotton  with  20  per  cent,  of  sal-ammoniac  did 
not  ignite  fire-damp  (1  experiment  only),  but  a  mixture  of  75  per  cent,  of  cotton 
and  25  per  cent,  of  sal-ammoniac  did  ignite  it.  It  would  be  necessary  in  order  to 
ensure  a  sufficient  degree  of  security  to  increase  the  proportion  of  sal-ammoniac, 
but  in  doing  so  a  non-explosive  point  is  soon  reached.  Similar  mixtures  were, 
therefore,  given  up. 

Gun-cotton  and  Nitrate  of  Ammonia. — Mixtures  of  cotton  and  nitrate  of 
ammonia  were  next  tried.  Messrs.  Sarrau  and  Vieille  have  made  an  exhaustive 
study  of  a  mixture  containing  GO  per  cent,  of  endecanitric  cotton,  (*)  and  40  per  cent, 
of  nitratj  of  ammonia,  in  which  the  oxygen  of  the  nitrate  suffices,  with  a  very 
small  excess,  to  complete  the  combustion  of  the  cotton. 

Cartridges  manufactured  with  this  composition,  some  years  ago  at  Moulin- 
Blanc,  do  not  explode  or  explode  imperfectly.  New  cartridges  were  made  at 
Sevran,  by  employing  either  military  guu-cotton  (=  "81  cubic  inch,  N0.2  per 
grain),  or  a  much  less  nitrated  cotton  (=  "68  cubic  inch,  N02  per  grain). 

[(*)  Endecanitric  gun-cotton  may  be  represented  by  Ca4  H33  (NOa)n  020. 
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Cartridges  containing  30  parts  of  military  cotton  and  70  parts  of  nitrate  have 
ignited  fire-damp  twice  out  of  thrice. 

Cartridges  containing  20  per  cent,  of  military  cotton  and  80  per  cent,  of  nitrate, 
have  ignited  fire-damp  once  out  of  twice. 

A  cartridge  containing  35  per  cent,  of  cotton  (*68  cubic  inch,  NO.,  per  grain), 
and  65  per  cent,  of  nitrate  ignited  the  fire-damp. 

Cartridges  containing  20  per  cent,  of  cotton  ( -68)  and  80  per  cent,  of  nitrate 
did  not  ignite  the  gas.  In  seven  experiments  the  detonation  was  effected  easily 
enough  in  all  of  them,  with  two  caps  of  23  grains  of  fulminate. 

It  appears,  therefore,  that  cartridges  containing  20  per  cent,  of  lowly  nitrated 
cotton,  are  practically  secure.  It  is  possible  that  security  will  be  still  better 
ensured,  without  compromising  the  completeness  of  the  detonation,  at  least 
when  confined,  by  still  further  diminishing  the  proportion  of  cotton. 

Lastly,  it  is  clearly  evident  from  the  experiments  that  it  is  possible,  by  mixing 
an  explosive  with  substances  which  are  non-explosive  in  themselves,  or  which 
produce  a  smaller  explosive  effect  than  the  explosive  itself,  to  diminish  their  power, 
and  thus  to  manufacture  dual  explosives  which,  while  producing  sufficient  mechanical 
effects,  do  not  cause,  at  least  in  the  majority  of  cases,  fired  without  envelope,  the 
ignition  of  the  gaseous  mixtures  which  surround  them. 

Attention  may  be  directed  to  an  important  point.  With  simple  explosives,  such 
as  dynamite,  the  ignition  of  fire-damp,  if  the  explosive  is  liable  to  effect  it,  is 
always  and  certainly  produced. 

For  certain  dual  mixtures  the  phenomena  appear  to  be  very  constant ;  but  for 
many  others  the  ignition  occurs  capriciously,  being  produced  on  one  day  and  not 
on  another.     This  singularity  will  be  explained  in  a  later  chapter. 

IV. — THEORETICAL   INQUIRIES. 

Ignition  of  Gaseous  Mixtures. — Two  of  the  members  of  the  Sub-Commission, 
in  previous  researches  (*).  estimated  the  temperature  of  ignition  of  fire-damp  at 
about  1,202  degs.  F.  These  observers,  however,  laid  great  stress  on  the 
considerable  retardation  of  ignition,  which  may  occur  in  mixtures  of  fire-damp  with 
air  or  even  with  oxygen.  This  retardation  is  naturally  greatest  when  the 
temperature,  to  which  the  mixture  is  heated,  is  about  1,202  degs.  F.  ;  at  this 
temperature  even,  the  retardation  may  amount  to  ten  seconds. 

This  allows  the  perception  of  the  possibility  of  this  fact,  in  appearance 
paradoxical,  that  with  a  gaseous  mixture  inflammable  at  1,202  degs.  F.,  cases 
may  be  produced,  without  causing  the  explosion  of  the  mixture,  whose  tempera- 
ture is,  as  shewn  hereafter,  above  3,632  degs.  F.  But  as  these  gases  have 
been  formed  by  the  detonation  of  an  explosive,  they  are  suddenly  given  off,  and 
under  a  very  high  pressure ;  they  expand  and  cool  with  extreme  rapidity  (in  some 
thousandths  of  a  second),  before  having  had  time  to  ignite  the  mixture  of  air  and 
fire-damp  with  which  they  come  in  contact. 

Would  the  previous  experiments  have  given  an  altogether  different  result  had 
they  been  made  in  a  mixture  of  any  other  gas  than  fire-damp  ?  A  cartridge  made 
up  of  equal  parts  of  dynamite  and  Blanzy  coal-dust,  which  does  not  ignite 
mixtures  of  fire-damp,  does  ignite  mixtures  of  air  and  coal-gas  (+). 

These  mixtures,  however,  still  shew  a   certain  retardation  of  ignition  ;    with 

mixtures  of  air  and  hydrogen,  this  phenomenon,  if  it  exists,  is  less  marked;  and  it 

has  been  found  that  a  plugged  cap  of  23  grains  of  fulminate,  which  ignites  neither 

fire-damp  nor  coal  gas,  ignites  hydrogen. 

(*)  Mallard  and  Le  Chatelier  —  Researches  on  the  Combustion  of  Explosive  Gaseous  Mixtures 
Annales  des  Mines.    8th  Series.    Vol.  IV.,  p.  274,  1883. 

(t)  The  experiments  with  coal-gas  have  been  commenced  ;  but  are  not  yet  completed. 
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Temperature  of  Detonation  of  Explosives — Formulae  for  its  Calculation. — 
It  is  customary  to  look  upon  explosives  only  as  regards  their  force,  that  is  to  say, 
the  intensity  of  the  mechanical  effects  which  they  may  produce.  They  are  now 
to  be  considered  from  a  different  point  of  view.  The  chief  consideration  now,  is 
not  the  force  developed,  but  the  temperature  produced.  This  leads  to  an 
endeavourtocaleulatethetemperature  of  detonation  of  a  mixture,  whose  composition, 
the  laws  of  its  decomposition,  and  the  thermo-chemical  phenomena  by  which  it  ia 
characterised,  are  known. 

The  process  of  these  calculations  is  well  known.  As  it  is  important  to  obtain 
figures  as  near  as  possible  to  the  real  temperature  of  detonation,  the  increase  of 
the  specific  heat  of  gases,  as  established  by  the  experiments  of  Messrs.  Berthelot 
and  Vieille,  and  by  those  of  Messrs.  Mallard  and  Le  Chatelier,  is  introduced.  The 
formula?  given  by  the  latter  for  carbonic  acitl,  aqueous  vapour,  and  the  so-called 
perfect  gases  (elementary  gases,  carbon  monoxide,  hydro-chloric  acid,  &c.)  have 
also  been  used  (*). 

These  calculations  have  been  applied  to  numerous  explosive  substances,  and  more 
particularly  to  mixturesof  dynamite  and  of  nitrate  of  ammonia,  endecanitric  cellulose 
with  nitrate  of  ammonia,  and  octonitric  cellulose  with  nitrate  of  ammonia.  The 
results  are  graphically  shewn  by  the  curves  (Figures  5,  6,  and  7).  For  each  of 
the  three  above-named  mixtures,  two  curves  are  shewn,  having  for  abscissas 
the  weights  of  nitrate  contained  in  ten  parts  by  weight  of  the  mixture.  One  of  the 
curves  has  for  ordinates  the  temperatures  of  detonation  t,  the  other  the  quantity/, 
which  somewhat  defines  the  power  of  the  explosive,  and  which  is  expressed  by  the 
equation — 
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Parts  of  nitrate  of  ammonia  in  ten  parts  of  mixture. 

Figure  5. — Dynamite  and  nitrate  of  ammonia. 


(*)  See  page  57. 
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in  which 


y0  the  volume  of  the  gases  produced  by  the  explosion,  reduced  to  0°  Cent. 

and  760  mm.  (29'92  inches)  of  mercury  ; 
o>,  the  weight  of  these  gases  ; 
T,  the  absolute  temperature  of  explosion. 
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Parts  of  nitrate  of  ammonia  in  ten  parts  of  mixture. 
Figure  6.— Endecanitric  cellulose  and  nitrate  of  ammonia. 
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Parts  of  nitrate  of  ammonia  in  ten  parts  of  mixture. 
Figure  7.— Octonitric  cellulose  and  nitrate  of  ammonia. 

With  mixtures  of  dynamite  and  nitrate  of  ammonia  the  decomposition  occurs 
with  excess  of  oxygen,  and  the  gases  are  completely  burnt. 
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With  mixtures  of  nitric  cellulose  and  nitrate  of  ammonia,  the  mode  of  decom- 
position, described  in  the  note  by  Messrs.  Mallard  and  Le  Chatelier(*)  added  to 
the  report  is  adopted.  When  the  amount  of  oxygen  is  not  sufficient  to  completely 
burn  the  combustible  gases  to  carbonic  acid  gas  and  water,  it  is  supposed  that  the 
oxygen,  after  converting  the  whole  of  the  carbon  into  carbon  monoxide,  is  divided 
between  this  gas  and  the  hydrogen. 

Pressure  Developed  by  Explosives. — Formula?  for  its  Calculation. — The  exactness 
of  the  results  given  by  calculations  have  been  compared  with  the  pressure  readings 
made  by  Messrs.  Sarrau  and  Vieille. 

The  pressure  P,  developed  in  a  volume  V,  with  a  charging  density  A,  may  be 
obtained  by  using  the  formula  of  Clausius 


rP 
P 


when  c,  j8,  u  are  co-efficients  peculiar  to  each  gas. 

V 
For  high  temperatures,  and  as  long  as  the  ratio  —  is  not  too  small,  the  expression 

vu 


may  practically  be  eliminated. 

The  co-efficient  w,  which  may  be  called  the  co-volume,  is  nearly  the  same  for 
all  gases,  as  shewn  by  the  experiments  of  Mr.  Atnagat  and  the  calculations  of  Mr. 
Sarrau,  and  may  be  taken  as  equal  to  0*001.  (t) 
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It  is  remarked  that  with  a  charging  density  of  A,  then 
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in  which  the  co-efficients/ and  a  can  be  calculated,  so  that  the  theoretical  figures 
may  be  compared  with  the  experimental  values. 

Comparison  of  Theoretical  with   Experimental  Pressures. — This  comparison  is 
made  more  simple,  if  the  last  equation  is  put  into  the  form 

Jl=a  P  +/. 

A 

P 
The  line  which  has  —  for  ordinates  and  P  for  abscissae  should  be  a  straight  line 
A 
whose  angular  co-efficient  is  o  and  the  ordinate  at  the  commencement  is/. 

("*)  See  page  59.  (t)  See  page  58. 
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Figure  8  shews  the  position  of  these  straight  lines  given  by  this  equation,  for 
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Figure  8. 
p 
Lines  representing  the  formula  —  =  a  p  +  /    a  _  ^2. 
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nitrate  of  ammonia,  dynamite,  gun-cotton,  a  mixture  of  60  per  cent,  of  nitrate  of 
ammonia  with  40  per  cent,  of  military  cotton,  the  Favier  explosive,  endecanitric 
cellulose  and  picric  acid. 

Each  of  these  lines  has  been  traced  with  the  calculated  angular  co-efficient  a. 
The  dotted  line  in  the  figure  is  the  theoretical  line  ;  the  continuous  line  is  drawn 
as  near  as  possible  to  the  experimental  points,  always  with  the  same  angular 
co-efficient  a. 

The  difference  between  the  theoretical  and  the  experimental  lines  for  nitrate  of 
ammonia,  the  Favier  explosive,  and  the  mixture  of  cotton  and  nitrate  is  less  than 
the  possible  errors  of  observation  and  calculation.  For  dynamite  the  difference  is 
only  7V     This  concordance  is  closer  than  might  have  been  expected. 

For  gun-cotton  the  difference  is  as  much  as  TV,  taking  the  latest  pressure 
readings  quoted  by  Messrs.  Berthelot  and  Vieille  in  their  paper  on  fulminate  of 
mercury,  in  which  the  results  are  not  perfectly  concordant.  But  in  this  case,  a 
substance  is  being  considered  whose  chemical  composition  is  uncertain,  and, 
moreover,  whose  method  of  decomposition  on  explosion  is  doubtful.  The 
calculations  have  been  made  by  accepting  the  mode  of  decomposition,  not 
actually  observed,  but  assumed  by  Messrs.  Sarrau  and  Vieille,  as  being  the  limit 
towards  which  the  observed  mode  tends. 

The  observations  relative  to  picric  acid  are  found  to  lie  very  nearly  on  a  line 
having  the  calculated  inclination  o.  The  difference  between  this  line  and  the 
theoretical  line  is  similar  to  that  shewn  by  gun-cotton.  Picric  acid  is  also  a 
substance  whose  manner  of  decomposition  is  doubtful. 

These  examples  amply  prove  that  the  method  of  calculation  employed  repre- 
sents the  facts  almost  exactly.  The  temperature  and  the  pressure  developed  by 
the  detonation  of  auy  explosive  of  known  composition  can,  therefore,  be  calculated 
with  sufficient  exactness,  provided  that  the  method  of  decomposition  of  this 
explosive,  when  detonated,  is  known. 

The  calculated  curves  in  figures  5,  6,  and  7,  therefore,  represent  the  phenomena 
somewhat  correctly  if  the  decomposition  of  the  explosive  occurs  conformably  with 
that  assumed  in  the  calculation. 


V.    EXPERIMENTAL  STUDY  OF  THE  UNCONFINED  DETONATION  OF  EXPLOSIVES. 

Incomplete  Detonation  of  unconfintd  Explosives. — Experiment  has  shewn  that  a 
mixture  containing  67  per  cent,  of  dynamite,  and  33  per  cent,  of  sal-ammoniac 
ignites  fire-damp ;  that  a  mixture  of  40  per  cent,  of  sal-ammoniac  ignites  it  seldom ; 
and  that  a  mixture  of  50  per  cent,  of  sal-ammoniac  does  not  ignite  it.  Now  if 
the  curve  which  represents  the  temperatures  of  detonation  of  these  mixtures  be 
continued  downwards,  the  mixture  of  33  per  cent,  of  sal-ammoniac  will  develope  a 
temperature  of  2,732  degs.  F.  ;  the  40  per  cent,  mixture,  a  temperature  of  2,012 
degs.  F.,  and  the  50  per  cent,  mixture  a  temperature  of  743  degs.  F. ,  if 
the  decomposition  can  be  considered  as  complete  in  each  case.  Moreover,  this 
assumption  is  certainly  incorrect  for  the  50  per  cent,  mixture,  because,  at  the 
temperature  of  743  degs.  F.,  sal-ammoniac  is  not  decomposed.  Admitting  the 
correctness  of  the  hypothesis  for  the  other  mixtures,  it  may  be  concluded  that  the 
temperature,  which  the  gases  from  the  explosion  should  not  surpass  to  ignite 
the  fire-damp,  is  lower  than  2,912  degs.  F.  This  deduction  is  not  correct,  as 
will  be  shewn  hereafter. 

Lastly,  it  may  be  said  that  explosives,  especially  if  they  consist  of  dual 
mixtures,  on  the  contrary,  are  not  always  decomposed  in  a  complete  manner 
when  exploded  unconfined. 
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Method  of  Experiment.— It  is  interesting  to  study  this  fact  with  precision. 
For  this  purpose  the  amount  of  heat  developed  by  the  detonation  of  an  unconfined 
explosive,  was  measured  by,  in  some  way,  transforming  the  boiler  into  a  calorimeter. 
A  cartridge,  exactly  weighed,  is  fired  in  the  boiler,  closed  and  filled  with  air. 
A  water-gauge  is  used  to  measure  at  known  intervals,  starting  from  the 
moment  of  firing,  the  excess  pressure  P'-P  of  the  air  in  the  boiler  above  the 
initial  pressure.  A  curve,  representing  these  observations,  is  used  to  determine, 
by  extension,  the  pressure  exerted  at  the  moment  of  detonation,  which  cannot  be 
directly  observed  on  account  of  the  shock  imparted  at  that  moment  to  the 
water  in  the  water-guage.  Figure  9  shews  examples  of  the  curves  so  drawn. 
The  precise  significance  of  the  figured  curves  will  be  indicated  further  on. 
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Figure  9. 
N,  Curve  of  the  pressures  for  a  cartridge  containing  772  grains  of  dynamite,  unconfined. 
T,  Curve  for  a  cartridge  of  772  grains  of  dynamite  contained  in  the  tube  of  0'98  inch   and 
1-57  inches. 

The  measurements  thus  made  are  evidently  inexact;  however,  they  are 
sufficient  for  the  desired  object. 

The  volume  of  the  boiler  being  359-2  cubic  feet,  the  volume  of  gases  resulting  from 
the  explosion  of  the  cartridge  (the  weight  of  which  is  from  772  to  1,543  grains) 
is  relatively  insignificant. 

The  increase  of  the  pressure  of  the  air  inside  the  boiler  is,  therefore,  almost 
entirely  due  to  the  increase  of  temperature  of  this  air,  raised  from  t  to  f  by  the 
effect  of  the  heat  Q  developed  by  the  detonation.  If  «  be  the  weight  of  air  in 
the  boiler,  and  c  the  specific  heat  with  constant  volume,  then 

o>  c  (t'~ t)  =  Q. 

Moreover,  P  and  P'  being  the  pressures  expressed  in  metres  of  water  before  and 
after  the  detonation,  T=«  +  273  the  absolute  temperature  of  the  air  before 
explosion,  P  its  pressure  in  metres  of  water,  then— 

P'  —  P        if  —  t 


whence, 


L  c»  c 


28  I  ii  ■  mmmi  J8I0B      KXPORT  ON  THE 

Again, 

P  =  1033  x    — 

760 

a  =  10171  x  1293  x  ™  x  ^: 

whence,  taking  c  =  0'168 

F  —  P  =  00171  Q, 
and  Q  =  58-4  (P'  —  P), 

[in  which  H  is  the  height  of  harometer  in  millimetres  of  mercury,  10'171  cubic 
metres  is  the  capacity  of  boiler,  and  1  293  kilogrammes  is  the  weight  of  one  cubic 
metre  of  air  at  normal  temperature  and  pressure.] 

Experimental  Remit  for  Dynamite. — Almost  completely  detonated  unconfined. — 
Take  the  case  of  dynamite.  A  cartridge  (curve  N  tig.  9)  of  772  grains  of  dynamite 
(Vonges  at  75  per  cent.),  detonating  unconfined,  develops  a  pressure 

P'  —  P  =  083. 
Hence  Q  =  48-5, 

and  for  100  grammes  (1,543  grains), 

Q  =  97. 

The  heat  produced  by  the  complete  decomposition  of  dynamite,  may  be  reckoned 
at  1,110  calories,  or  55'5  calories  for  50  grammes.  The  silica,  however,  absorbs 
a  certain  quantity  of  heat  which  is  taken  at  138  calories  (the  temperature  of  detona- 
tion of  dynamite  being  equal  to  5,252  degs.  F.,  and  the  specific  heat  of  the  earth 
being  0'19).  If  this  quantity  of  heat  is  not  immediately  restored  to  the  air  in  the 
boiler,  the  quantity  of  heat  Q  would  not  be  more  (for  10  grammes)  than  97 "2 
calories.  The  figure  differs  so  little  from  that  observed  experimentally,  that  it  may 
be  assumed  that  the  detonation  of  unconfined  dynamite  causes  its  complete 
decomposition. 

Experimental  Results  for  Various  Explosives. — If  similar  calculations  are 
made  for  the  other  explosives,  the  results  contained  in  the  annexed  table  are 
obtained. 

This  table  shews  that  dynamite,  as  previously  mentioned,  detonates  almost 
perfectly  when  unconfined. 

Military  gun-cotton  (  =  '81  cubic  inch)  approaches  very  nearly  to  complete 
detonation  under  the  same  conditions. 

In  mining  gun-cotton,  even  for  certain  mixtures,  low  in  nitrogen,  of  cotton 
of  68  and  of  nitrate  of  ammonia,  and  for  mixtures  of  dynamite  and  of  sal-ammoniac, 
the  amount  of  heat  disengaged  on  detonation  is  greater  than  the  theoretical  quantity. 

With  most  of  the  other  explosives  the  amount  of  heat  disengaged  on  detonation 
is  less  than  the  theoretical  amount ;  it  should  be  concluded  from  this  that  these 
explosives  only  detonate  imperfectly  when  unconfined. 

This  imperfect  detonation  is  doubtless  due  to  the  fact,  that  the  reactions  assumed 
in  theory,  and  which  are  actually  produced  in  a  closed  vessel,  as  will  be  shewn  further 
on,  have  not  time  to  be  produced,  when  the  explosive  is  not  confined,  in  the  infinitely 
short  time  during  which  the  gases  are  kept  in  contact.  Not  only  are  the  reactions 
very  incomplete,  but  they  become  altogether  different  reactions  from  those  expected. 
Mr.  Berthelot  has  laid  great  stress  on  this  possible  variation  in  the  nature  of  the 
decompositions  and  reactions,  more  especially  in  the  case  of  nitrate  of  ammonia. 

Moreover,  one  imagines  that  the  phenomena  would  be  still  more  marked  with 
dual  explosives,  in  which  it  is  assumed  :  (1)  That  the  detonation  of  one  of  the 
two  substances  entails  that  of  the  other,  and  (2)  that  the  gases  produced  by  the 
simultaneous  detonation  react  on  each  other.  These  two  hypotheses  may  both 
fail  together,  or  the  first  may  be  realised  without  the  second. 
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Nature  of  Explosives. 

Weight 

of 

Cartridge 

Weight  of 
Fulminate 

in 
Detonator 

Pressure 
(P'-P) 
Observed 
in  Inches 
of  Water. 

Q 

deduced 

for 
1,543  grs. 

Q 

theoreti- 
cal for 
1,543  grs. 

Grains. 

Grains. 

Inches. 

Units  of 
Heat. 

Units  df 
Heat. 

Dynamite  (75  7„)         

771-6 

23-15 

32-68 

385-1 

385-9 

Military  Cotton  (=-81  cubic  inch) 

771-6 

2315 

2S-35 

349-4 

412-9 

Mining  Cotton  (=-76  cubic  inch)    

771-6 

2315 

58-27 

682-8 

408-9 

Blasting  Gelatine  (Paulilles) 

617-3 

23-15 

22-05 

318-4 

|  609-3 

Do.                              

771-6 

2315 

27-17 

319-9 

Bellite     

771-6 

23-15 

9-84 

115-9 

) 

Do 

771-6 

23-15 

11-02 

129-8 

\  397-8(1) 

Do 

771-6 

46-30 

1339 

158-0 

) 

Pyroxyline-Powder  (Moulin-Blanc) 

771*6 

2315 

17-52 

202-5 

] 

Do 

Do 

771-6 
771-6 

23-15 
23-15 

20-47 
23-62 

241-4 
277-9 

>  325-5(2) 

Do 

1003-1 

23-15 

24-02 

217-2 

) 

Cotton  58,  Nitrate  of  Barium  42      

771-6 

23-15 

27-56 

325-5 

321-6(3) 

Cotton  ( = -68)  20,  Ammonia  Nitrate  80      ... 

771-6 

23-15 

5-91 

69-5 

317-6 

Do.           25              do.             75      ... 

771-6 

46-30 

16-14 

190-6 

361-3 

Do.            35               do.             65      ... 

771-6 

2315 

16-93 

198-5 

404-9 

Do.           60              do.            40      ... 

463-0 

23-15 

13-78 

270-4 

3S1-1 

Do.            80               do.              20      ... 

463-0 

23-15 

24-80 

488-3 

325-5 

Do.            90               do.              10      ... 

463-0 

23-15 

37-01 

726-5 

301-7 

Dynamite  20,  Ammonia  Nitrate  80 

771-6 

23-15 

8-86 

104-8 

198-5 

Do.       67,  Ammonia  Alum  33 

771-6 

23-15 

17-52 

206-4 

210-4(4) 

Do.       50,  Sal-Ammoniac  50       

7716 

23-15 

16-54 

195-3 

39-7(5) 

Do.       60              do            40       

771-6 

2315 

17-32 

204-4 

138-9 

Do.       67               do.          33       

771-6 

23-15 

20-87 

246-1 

1945 

(1)  Calculated  assuming  175  per  cent  dinitro-benzol,  and  82-5  per  cent,  of  nitrate  of  ammonia. 

(2)  Decomposed  to  Ba  C03. 

(3)  Decomposed  to  Ba  C03. 

(4)  Quantity  of  heat  calculated  assuming  complete  combustion  of  the  nitro-glycerine,  and 

simple  dehydration  of  the  alum. 

(5)  These  quantities  of  heat  are  calculated  on  the  supposition  of  the  decomposition  of  the  sal- 

ammoniac  into  HC12  +  N  +  3H,  and  the  complete  combustion  of  the  nitro-glycerine. 

The  first  case  is  that  of  mixtures  of  dynamite  and  of  sal-ammoniac,  which 
develop  an  amount  of  heat  little  inferior  to  that  caused  by  the  detonation  of 
dynamite  alone.  The  speed  of  decomposition  of  the  sal-ammoniac  is  too  slow  to 
allow  time  for  that  decomposition  to  be  effected,  and  the  effect  of  the  detonation 
of  the  dynamite  is  doubtless  to  decompose  a  very  small  part  of  the  mixed  salt  and 
to  project  the  rest  which  acts  as  an  inert  body. 

It  will  be  seen  later  on  that  the  decomposition  of  sal-ammoniac  has  not  sufficient 
time  allowed,  even  when  the  explosive  is  stemmed  in  a  tin  tube  of  "98  and  1'57 
inches  in  diameter. 
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Ammonia-alum,  mixed  with  dynamite,  seems  to  act  differently  to  the  sal- 
ammoniac,  as  the  quantity  of  heat  observed  is  almost  equal  to  that  deduced 
from  the  combustion  of  the  nitro-glycerine  and  the  dehydration  of  the  alum.  It 
will  be  shewn,  however,  later  ou  that  there  is  reason  to  doubt  the  correctness  of 
this  conclusion. 

Moreover,  these  facts  very  well  explain  the  capricious  phenomena  that  explosives, 
especially  the  dual  explosives,  produce,  detonating  unconhned,  as  regards  the 
ignition  of  fire-damp.  When  an  explosive  is  not  completely  detonated,  the 
reactions  consequent  on  its  detonation  cannot  be  precisely  defined,  and  may  vary 
a  great  deal,  under  the  influence  of  secondary  conditions.  Notably,  they  will 
vary  when  the  explosive  is  fired  by  a  more  or  less  powerful  detonator  ;  when  the 
explosive,  at  the  moment  of  detonation,  is  raised  to  a  more  or  less  high  temperature, 
the  elevation  of  temperature  producing  complete  detonation,  &c. 

The  anomalies  met  with  in  the  Prussian  experiments,  and  in  the  French,  thus 
receive  a  satisfactory  explanation. 

It  is  supposed  consequently,  that  the  safety  of  an  explosive,  detonating  imper- 
fectly when  unconfined,  cannot  be  completely  assured,  if,  among  all  the  possible 
methods  of  decomposition  for  this  explosive,  even  one  is  found  liable  to  ignite  fire- 
damp. 

The  object  to  be  attained  in  the  search  for  an  explosive  of  perfect  safety, 
if  one  exists,  is,  therefore,  to  find  an  explosive,  always  detonating  completely 
when  unconfined  without  igniting  fire-damp ;  or  to  find  an  explosive  which,  when 
partially  detonating,  cannot  take  any  mode  of  decomposition  capable  of  igniting 
fire-damp. 


Peculiar  Phenomena  Exhibited  by  Low-nitrated  Cottons,  Detonating  Unconfined. — 
A  very  curious  fact,  an  apparent  paradox,  is  that  compressed  mining  cotton  always 
ignites  fire-damp,  and  that  compressed  military  cotton,  though  more  highly 
nitrated,  and  having  a  higher  temperature  of  detonation,  does  not  always  ignite 
it.     The  experiments  on  detonation  explain  this  anomaly. 

Indeed,  the  detonation  of  a  cartridge  of  772  grains  of  military  cotton  has  twice 
given  a  pressure  equal  to  2S"35  inches,  which  corresponds  very  nearly,  as  already 
mentioned,  to  the  complete  decomposition  of  the  cotton. 

A  772  grain  cartridge  of  mining  cotton  has  twice  consecutively  produced  a 
proportionately  enormous  pressure,  which  the  pressure  gauge  could  only  imper- 
fectly register,  but  which  must  have  been  higher  than  58*27  inches,  corresponding 
to  341*4  units  of  heat,  or  3,097  units  per  pound.  The  decomposition  of  mining 
cotton  (nononitric  cotton)  should  disengage  about  (*)  1.S62  units  of  heat  per 
pound  (aqueous  vapour),  and  the  heat  from  complete  combustion  is,  according  to 
x\Ir.  Berthelot,  about  4,232  units. 

It  is,  therefore,  perfectly  evident  that  the  gases  yielded  from  the  explosion  of 
mining  cotton  are,  after  the  explosion,  burnt  almost  completely  when  unconfined. 

Why  does  this  phenomenon  not  occur  with  military  cotton,  whose  gases  are  also 
combustible  ?  It  is  difficult  to  reply.  All  that  can  be  said  is  that  an  equivalent  of 
a  nitro-cellulose  of  n  degree  necessarily  yields  (if  it  be  assumed  that  the  decom- 
position produces  only  C02,  CO,  H.,  0,  H,  and  N.),  a  volume  of  combustible  gas 
(CO  +  2H)  equal  to 

bn 


48—^)  x  22  32.  (*) 


(»)  See  Note  A,  page  60. 
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The  volume  of  combustible  gas  increases,  therefore,  as  n  diminishes ;  it  is  equal 
to  25'5  x  22-32  litres  =  5687  for  enneanitric  cellulose,  and  to  20'5  x  22'32  litres 
=  457'2  for  endecanitric  cellulose.  The  gases  from  the  detonation  of  the  former  are, 
therefore,  a  little  more  combustible  than  those  from  detonation  of  the  latter. 
Nevertheless  it  is  singular  that  such  a  slight  difference  should  have  such  a  marked 
effect. 

However  this  may  be,  this  well-ascertained  phenomenon  immediately  explains 
why  cottons  low  in  nitrogen,  such  as  that  yielding  '68  cubic  inch  of  N02  per  grain, 
and  whose  temperature  of  detonation  should  be  less  than  3,632  degs.  F.,  easily 
ignite  fire-damp,  when  military  cotton  (yielding  -81  cubic  inch  of  N02  per  grain), 
whose  temperature  of  detonation  is  about  4,784  degs.  F.  does  not  always  ignite  it. 

The  mixtures  of  cotton-powder  (=-68)  and  nitrate  of  ammonia,  containing  90 
per  cent,  and  80  per  cent,  of  cotton,  when  exploded  unconfined,  disengage  an 
amount  of  heat  greater  than  the  theoretical  quantity.  The  oxygen  from  the 
nitrate  does  not  burn  off  enough  of  the  gases  yielded  by  the  decomposition  of  the 
cotton  for  them  to  remain  capable  of  being  completely  burnt. 

Explanation  of  tJie  Phenomena  presented  by  Mixtures  of  6un-Cotton  and 
Nitrate  of  Barium — Pyroxyline-Powder. — The  same  phenomena  allows  the 
suggestion  of  an  explanation  of  a  fact  which  has  astonished  many.  Pyroxyline- 
powder,  which  contains  60  per  cent,  of  cotton  (=-71),  30  per  cent,  nitrate 
of  barium,  and  6  per  cent,  nitrate  of  potash,  ignites  the  fire-damp  only 
exceptionally,  although  cotton  alone  on  the  one  side  and  mixtures  with  larger 
proportions  of  nitrate  of  barium  on  the  other  side  invariably  ignite  it. 

Gun-cotton  containing  "71,  corresponds  almost  to  octonitric  cotton  ;  its  tempera- 
ture of  detonation  is,  therefore,  about  3,632  degs.  F.  It  will  not  ignite  the  fire-damp 
if  the  gases  from  detonation  do  not  happen  to  burn  unconfined  ;  for  it  will  be 
demonstrated  later  that  the  apparent  temperature  of  ignition  of  fire-damp,  under 
the  influence  of  explosives,  is  about  3,992  degs.  F. 

If  the  cotton  is  mixed  with  a  sufficient  quantity  of  nitrate  of  barium  to  burn 
the  gases  yielded  by  the  explosion,  the  temperature  of  the  detonation  is  raised  to 
4,622  degs.  F.,  if  the  dissociation  of  the  carbonate  after  explosion  is  assumed. 
This  temperature  is  sufficient  to  ignite  fire-damp. 

But  if  the  proportion  of  nitrate  is  diminished,  the  temperature  is  lowered  and 
the  gases  of  the  detonation  are  burnt  sufficiently  by  the  oxygen  of  the  nitrate  to  be 
no  longer  inflammable,  and  to  act  like  those  of  military  cotton. 

Mixtures  could,  therefore,  be  found  like  that  constituting  the  pyroxyline  powder, 
whose  temperature  of  detonation  will  be  so  low  that  they  will  not  ignite  fire-damp, 
at  least  regularly. 

Force  of  Explosives. — Hitherto  the  force  of  explosives  has  not  been  considered. 
This  element  is  not  the  important  element  in  the  matters  that  have  been  con- 
sidered. What  the  worker  of  a  fiery  mine  first  seeks,  is  an  explosive  whose 
temperature  of  ignition  will  be  so  low  that  the  detonation  can  never  kindle  the 
gas.  As  for  the  force  of  the  explosive,  generally  it  is  more  than  sufficient  ;  the 
worker  will  be  satisfied  if  the  new  and  safe  explosive,  which  will  be  given  him, 
does  not  cost  more,  per  unit  of  force,  than  the  explosives  now  in  use. 

But  it  is  easy  to  shew  that  not  only  does  the  unit  of  force  cost  no  more,  but  that 
the  price  may  be  materially  diminished. 

Take,  for  example,  mixtures  of  dynamite  and  nitrate  of  ammonia.  It  is  evident 
on  examining  the  results  of  figure  5,  for  the  mixture  of  80  per  cent,  of  nitrate, 
the  quantity  /  which  measures  the  pressure  obtained  is  477  foot-pounds,  the  same 
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quantity  /  for  dynamite  alone  being  680  foot-pounds.  The  useful  effect  of 
the  mixture  is,  therefore,  about  three-fourths  that  of  dynamite.  But  if  the  selling 
price  of  nitrate  of  ammonia  is  4^d.  per  lb.,  and  that  of  dynamite  is  Is.  Id.  per  lb., 
the  selling  price  of  the  mixture  will  be  64d.  per  lb.,  that  is  to  say,  less  than  half 
that  of  dynamite. 

It  is  true  that  the  fixed  duty  of  8'6d.  per  lb.  slightly  modifies  the  result  and 
raises  the  price  to  Is.  J^d.  per  lb.  for  dynamite,  and  to  Is.  3d.  per  lb.  for  the 
mixture.  But  the  ratio  between  these  two  costs  is  little  less  than  three-fourths  ; 
and  doubtless  the  proportion  of  nitrate  might  be  increased. 

The  unit  of  useful  effect  can,  therefore,  be  obtained  at  less  cost  with  this  dual 
explosive  than  with  dynamite.  It  is  true  that  effects  of  as  great  intensity  cannot 
be  produced,  but  these  effects  are  useless  and  can  even  become  injurious  in  the 
working  of  coal  in  mines. 

Possible  Influence  of  the  Aqueous  Vapour  contained  in  Air,  on  the  Inflammability 
of  Fire-damp. — In  conclusion,  an  observation  which  became  evident,  as  soon  as 
the  atmospheric  temperature  became  high,  and  which  possibly  may  have  a  certain 
importance,  should  be  mentioned. 

On  two  occasions,  the  19th  of  May  and  the  4th  of  June,  experiments  were  made 
in  warm  aud  sultry  weather  ;  on  the  19th  of  May  especially,  the  experiments  were 
made  in  the  morning,  the  weather  was  oppressive  and  seemed  to  presage  the 
thunderstorm  which  burst  in  the  evening.  Explosives  which  had  never  ignited 
fire-damp  either  before  or  since,  did  ignite  it  on  this  day.  Thus  pyroxyline 
powder,  which  produced  ignition  twice  consecutively,  has  never  reproduced  the 
same  effect  since. 

On  the  4th  of  June,  the  stormy  character  of  the  weather  was  less  pronounced 
than  on  the  19th  of  May,  but  still  it  was  very  marked,  and  the  mixture  of  67  per 
cent,  of  dynamite  and  33  per  cent,  of  ammonia-alum,  which  had  not  ignited  gas, 
either  on  the  24th  of  April  or  the  1st  of  June,  ignited  fire-damp  on  that  day. 
Pyroxyline  powder,  however,  remained  unaffected. 

It  is  not  believed  that  the  rise  in  temperature  was  the  only  cause  of  the  increase 
in  the  inflammability  of  the  fire-damp,  for,  on  the  1st  of  June,  the  temperature 
was  higher  than  on  the  19th  of  May  or  the  4th  of  June ;  but  the  weather 
was  very  dry,  and  the  result  in  question  was  not  observed.  One  is  inclined  to 
believe  that  the  aqueous  vapour,  which  is  present  in  the  air  in  considerable 
quantities  in  warm  and  stormy  weather,  would  be  the  preponderant  factor.  It 
is  possible  that  the  retardation  in  the  ignition  of  the  fire-damp  may  diminish  with 
the  increase  in  the  quantity  of  the  aqueous  vapour  contained  in  the  air.  Indeed  it 
is  recognised,  and  an  English  chemist,  Mr.  Dixon  in  particular,  has  thrown  a  light  on 
this  phenomenon,  that  carbon  monoxide  does  not  combine  with  oxygen  under  the 
influence  of  the  electric  spark  when  these  gases  are  perfectly  dry. 

A  similar  fact  for  fire-damp  mixtures  would  be  of  great  importance  in  mines, 
where  the  air  is  most  frequently  saturated  with  moisture.  Laboratory  experi- 
ments, which  are  in  progress,  but  are  not  yet  completed,  can  alone  make  this 
question  clear. 

Summary. — In  reviewing  this  first  part  of  the  researches,  it  may  be  said,  with- 
out entering  anew  into  details  of  the  experiments,  that  they  demonstrate  that  it  is 
possible,  by  mixing  certain  substances  with  explosives  whose  detonation  ignites 
fire-damp,  to  lower  the  temperature  of  this  detonation,  so  that  the  resulting  gases  do 
not  ignite,  at  least  under  ordinary  conditions,  the  fire-damp  mixtures  amongst  which 
they  are  detonated  unconfined. 
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Among  the  mixtures  tested  by  the  Commission,  those  which  are  the  most  worthy 
of  examination,  are — 

(1)  The  pyroxyline  powder  of   Moulin-Blanc,   which,  however,  under  circum- 

stances perhaps  rather  exceptional,  has  twice  ignited  fire-damp,  the  total 
number  of  trials  being  19. 

(2)  The  mixture  of  20  per  cent,  of  gun-cotton  (low  in  nitrogen)  with  80  per 

cent,  of  nitrate  of  ammonia,  whose  theoretical  temperature  of  ignition  is 
3,488  degs.  F.  with  /  =  542  foot-pounds,  which  in  seven  trials  did  not 
once  cause  ignition. 

(3)  The  mixture  of  20  per  cent,  of   dynamite  with  80  per  cent,  of  nitrate  of 

ammonia,  whose  theoretical  temperature  of  ignition  is  2,732  degs.  F.  with 
f  —  453  foot-pounds,  which  has  not  produced  ignition  of  gas,  although 
only  two  trials  were  made. 

(4)  Bellite,  whose  composition  is  not  known  with  certainty,  whose  detonation. 

difficult  when  unconfined,  is  incomplete,  even  with  46  grains  of  fulminate, 
and  which  under  these  conditions  has  only  been  thrice  tested,  and  did 
not  ignite  the  fire-damp. 

With  the  composition  as  given  by  the  inventor,  the  temperature  of 
detonation  would  theoretically  be  3,967  degs.  F.  with  f=  217  foot-pounds. 

(5)  Lastly,  the  Favier  explosive,  whose  theoretical  temperature  of  detonation 

would  be  3,848  degs.  F.,  and  which  apparently  does  not  explode  at  all  when 
unconfined,  even  with  heavy  charges   of  fulminate  ;  whose  practicability 
of  detonation  under  working  conditions  is  not  well  known  ;  whose  inter- 
mediate detonator,  such  as  has  been  proposed  by  the  inventor,  should  be 
suppressed,  and  which  reduced,  it  is  true,  to  a  state  of  fine  powder,  has 
once  ignited  a  gaseous  mixture. 
The  trials  made  with  bellite  and  the  Favier  explosive  cannot  be  considered  as 
finished.     It   has  been  thought   proper  to  mention   these   two   explosives   here, 
because  the  experiments  already  made  do  not  appear  unfavourable,  and  they  seem 
to  theoretically  be  among  the  class  of  substances  incapable  of  igniting  fire-damp 
mixtures. 

The  substance  which  appears  the  most  suitable  for  diminishing  the  tempera- 
ture of  detonation  of  explosives  such  as  dynamite  and  gun-cotton  is  nitrate  of 
ammonia.  The  other  substances  which  may  be  mixed  with  the  explosive,  such  as 
hydrated  carbonate  of  soda,  hydrated  sulphate  of  soda,  ammonia-alum,  and 
sal-ammoniac,  are  only  very  partially  decomposed  by  the  detonation,  and  their 
action  is,  for  that  reasOD,  more  uncertain. 

The  trials  made  with  mixtures  of  dynamite  or  of  cotton  with  nitrate  of  ammonia 
should  be  continued,  and  it  is  permissible  to  hope  that  there  may  be  formed  with 
these  substances,  mixtures  in  varied  proportions  possessing,  along  with  great 
certainty  of  safety,  all  the  degrees  of  explosive  power  which  may  be  regarded  as 
necessary  in  practice. 
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CHAPTER  III. 


EXPLOSIVES  FIItED  IN  A  CLOSED  VESSEL. 


Much  time  has  been  devoted  to  the  phenomena  which  explosives  exhibit  when 
detonated  unconfined,  although  this  method  of  detonation,  tor  which  they  are  not 
intended,  ought  to  be  prohibited  in  mines.  But  it  is  evidently  under  these 
conditions  that  explosives  present  the  maximum  danger,  and  under  which  it  is 
easier  to  classify  them  as  regards  safety. 

Moreover,  it  may  often  accidentally  happen,  in  consequence  of  the  imprudence 
or  inattention  of  a  workman,  or  from  any  other  cause,  that  the  explosive  used  in 
the  workings  may  be  detonated  before  being  stemmed  in  the  bottom  of  the 
shot-hole.  The  danger  peculiar  to  unconfined  detonation  is  not,  therefore,  purely 
imaginary. 

It  is  none  the  less  true  that  in  normal  use,  explosives  should  be  fired  in  a  closed 
vessel,  and  the  dangers  which  can  arise  under  these  conditions,  will  now  be 
examined. 

Process  of  Experiment. — When  an  explosive  detonates  at  the  bottom  of  a  shot- 
hole,  if  the  shot  is  not  blown  out,  fissures  more  or  less  great  are  produced  in  the 
broken  mass,  through  which  the  resulting  gases  escape.  The  variety  of  means  by 
which  this  effect  can  occur  is  infinite,  but  in  almost  all,  if  not  in  all,  cases  the 
gases  of  the  explosion  ouly  come  in  contact  with  the  external  air,  after  having 
exerted  a  certain  mechanical  work  on  the  rock. 

To  realise  something  analogous  in  the  boiler,  but  under  conditions  certainly 
more  dangerous  than  those  which  can  be  met  with  in  practice,  the  explosive 
enclosed  in  a  metallic  tube  of  lead  or  of  tin  closed  at  the  bottom,  and  open  at  the  top, 
was  suspended  in  the  midst  of  the  fire-damp.  The  explosive,  in  this  tube,  rested  on 
a  plug  of  2  to  2^  inches  of  clay  or  sand  ;  it  was  covered  with  a  stemming  of  clay,  of 
sand,  or  even  in  certain  cases,  of  coal-dust,  generally  4  inches  to  4|  inches  thick. 

The  detonation,  when  it  occurred,  projected  in  a  state  of  metallic  dust  the  part 
of  the  tube  with  which  it  was  in  contact.  The  lower  and  the  upper  parts  of  the 
tube  usually  remained  nearly  intact  at  the  bottom  of  the  boiler. 

The  nature  of  the  metal  (lead  or  tin),  and  especially  its  thickness,  could  be 
varied.  These  observations,  however,  have  not  been  made,  and  would  be  of 
interest  only  with  unconfined  explosives  igniting  fire-damp. 

Experimental  Results. — Under  normal  conditions  of  detonation,  the  explosive  being 
well  rammed  against  the  sides  of  the  tube  and  between  the  two  tampings,  the  facts 
summarised  in  the  annexed  table  were  observed. 

Doubtless,  all  explosives  cease  to  ignite  gas  when  the  thickness  of  the  sides 
of  the  tube  is  sufficiently  great,  but  the  thickness  adeepjate  to  produce  this  effect 
varies  with  the  explosive. 

With  gun-cotton,  a  lead  tube  of  1*18  inches  and  1*38  inches,  and  only  '10  inch 
thick,  is  sufficient  to  hinder  ignition. 

With  dynamite  No.  1,  a  lead  tube  l-06  inches  and  T57  inches,  or  a  tin  tube  of 
0"98  inches  and  157  inches  is  required. 

Gelatine-dynamite  acts  nearly  the  same  as  No.  1  dynamite. 
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Natcre  of  Explosive. 

Internal  and 

External 

Diams.  of  Tube. 

Nature 
of 

Tube. 

Action 

on  the 

Gaseous 

Mixtures. 

In.            In. 

* 

Dynamite  No.  1            

1-06  —  1-57 

Lead 

N 

Do.                     

1-18  —  1-57 

do. 

I 

Do.                      

1  18  —  1-38 

do. 

I 

Do.                      

098  —  1-57 

Tin 

N 

Mining  Gun-cotton       

1-26  — T65 

Lead 

N 

do.         do.          

1-18  — 1-38 

do. 

N 

Blasting-Gelatine          

0-98  — 1  57 

Tin 

I 

Gelatine-Dynamite 

1-06  —  1  57 

Lead 

N 

Ammonia-Dynamite     ... 

0-98  —  1-57 

Tin 

N 

*  N  signifies  non-ignition  of  fire-damp.  I  signifies  ignition  of  fire-damp. 

With  blasting-gelatine,  the  tin  tube  of  0'98  inches  and  1"57  inches  is  not  sufficient 
to  prevent  the  ignition  of  the  fire-damp  ;  this  is  in  accordance  with  the  considerable 
amount  of  heat  developed  by  this  explosive,  which,  amongst  all  those  derived  from 
dynamite,  should  be  considered  as  the  most  dangerous. 


Explanation  of  the  Effect  Produced,  as  rega  rds  the  Ignition  of  Fire-damp  by  the 
Tube  which  Envehps  the  Explosive. —  Work  Developed  b<j  the  Bursting  of  the  Sides 
of  the  Tube, — It  may  be  asked,  what  is  the  cause  of  the  effect  produced  by  the 
tube,  which,  ou  the  whole,  does  not  preveat  the  gases  of  the  explosion  from  coming 
very  rapidly,  and  at  a  very  high  temperature,  iu  contact  with  the  fire-damp 
mixture.  It  appears  that  this  cause  should  be  solely  attributed  to  the  cooling 
which  the  gases  undergo  in  consequence  of  the  mechanical  work  which  has  to  be 
expended  to  impirt  a  certain  kinetic  energy  to    the  sides  of  the  shattered  tube. 

This  mechanical  work  is  considerable,  aud  may  be  estimated  in  a  very  simple 
manner  by  exploding  the  cirtridge,  stemmed  in  its  tube,  in  the  midst  of  the 
closed  boiler  filled  with  air,  and  registering  the  pressure  caused  by  the  explosion, 
as  ha3  been  previously  remarked.  The  observed  initial  pressure  P' — P  gives,  when 
multipliel  by  the  co-efficient  58'4  (see  page  28),  the  amount  of  heat  Q'  imparted 
to  the  air  in  the  boiler  after  the  explosion.  But  this  amount  of  heat  is  equal  to 
that  Q,  set  free  on  explosion,  diminished  by  the  amount  of  heat  AU,  equivalent  to 
the  kinetic  energy  U,  communicated  to  the  walls  of  the  tube. 

If,  first  of  all,  by  the  unconfined  detonation  of  the  same  explosive,  Q  has  been 
measured  ;  AU  can  be  found  by  subtraction. 

Under  these  conditions,  a  cartridge  of  50  grammes  (772  grains)  of  No.  1 
dynamite  has  given  (*)  : — 

When  unconfined  a  pressure  P' — P  =  -83  metre  of  water,  corresponding 
to  Q  =  48-5. 

(*)  See  the  curves  of  pressure  deduced  from  observation  (p.  27,  Fig.  9).  It  will  be  remarked 
that  the  progress  of  cooling  indicated  by  the  curve  corresponding  to  detonation  in  the  tube  is  slower 
than  that  corresponding  to  unconfined  detonation.  The  heat  transformed  into  kinetic  energy  com- 
municated to  the  fragments  of  the  tube,  is  brought  back  into  the  state  of  heat  by  the  impact  of  the 
fragments  against  the  shell  of  the  boiler,  and  this  heat  is  gradually  restored  to  the  air  in  the  boiler, 
which  retards  the  progress  of  the  cooling. 
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In  a  tin  tube  of  0"98  inch  and  L'57  inches,  P'— P  =  '525  motre  of  water,  Q'  = 
Q  —  AU  =  306. 

Therefore, 

AU         17  9 

AU  =  179,  and =  =  037. 

Q         485 

The  amount  of  heat  transformed  into  work  by  the  disruption  of  the  sides  of  the 
tube  and  by  the  projection  of  the  fragments,  varies,  moreover,  with  the  nature  and 
size  of  the  tube.     Other  things  being  equal,  it  diminishes  with  the  thickness. 

Working  always  with  dynamite  it  was  found  that,  with  a  lead  tube  of  1'26  inches 
and  1"65  inches,  the  portion  of  heat  absorbed  in  mechanical  work  is  about  "44. 

With  a  lead  tube  of  1*18  inches  and  1*38  inches  this  portion  is  "33. 

In  this  experiment,  therefore,  a  little  more  than  a  third  part  of  the  total 
heat  is  transformed  into  work.  This  is  about  half  of  the  transformation  that 
the  expansion  of  the  hot  gases  resulting  from  the  explosion  of  dynamite,  thoroughly 
stemmed  in  a  close  space,  would  theoretically  be  able  to  produce.* 

Apparent  Temperature  of  Ignition  of  Mixtures  of  Fire-damp  and  of  Air  under  the 
Influence  of  Explosives. — The  experimental  results  obtained  with  dynamite, 
moreover,  allow  the  calculation  (at  least  approximately)  of  the  temperature  which 
the  gases  produced  by  the  detonation  of  the  explosive  should  possess,  in  order  to 
ignite  the  mixture  of  fire-damp  and  air. 

In  fact,  since  the  expansion  of  the  gases  produced  by  the  detonation  of  the 
dynamite  has  lost,  by  communicating  it  as  kinetic  energy  to  the  sides  of  the  tube, 
•37  of  its  quantity  of  initial  heat,  it  preserves  no  more  than  '63  of  it. 

By  a  calculation  similar  to  that  used  to  ascertain  the  temperature  of  detonation, 
it  is  found  that  the  gases,  at  the  moment  when  the  tin  tube,  of  0*98  inches 
and  157  inches,  has  beeu  shattered,  come  in  contact  with  the  inflammable 
mixture,  they  have  a  temperature  of  3,902  degs.  F.  The  mixture  not  igniting 
by  this  contact,  it  can  be  said  that  the  apparent  temperature  of  ignition  is, 
under  the  conditions  of  the  experiment,  above  this  figure. 

After  the  projection  of  the  tube  of  1*18  inches  and  1*38  inches,  the  temperature  of 
the  gases  should  be  4,136  degs.  F.  ;  but  they  ignite  the  fire-damp.  The  apparent 
temperature  of  ignition  of  the  mixture  of  fire-damp  and  air  will,  therefore,  be,  as 
far  as  can  be  judged  from  purely  approximate  calculations,  between  3,902  degs.  F. 
and  4,136  degs.  F.,  or  about  3,992  degs.  F. 

If  the  same  calculation  is  made  for  blasting-gelatine  fired  in  a  t  n  tube  of  0"98 
inches  and  1  '57  inches,  it  is  found  that  the  temperature  of  the  gases,  after  the 
bursting  of  the  sides  of  the  tube,  should  be  about  4,352  degs.  F.  These  gases 
consequently  ignite  the  fire-damp  mixture. 

It  must  be  recollected  that  the  high  value  of  the  apparent  temperature  of 
ignition  of  fire-damp,  deduced  from  observations,  is  due,  at  least  in  great  part, 
to  the  considerable  delay  of  the  ignition  displayed  by  fire-damp  mixtures,  and  to  the 
very  rapid  expansion  of  the  gases  resulting  from  the  detonation  of  explosives,  which 
causes  an  extremely  quick  cooling.  It  consequently  applies  only  to  the  particular 
experimental  conditions  under  which  it  was  obtained. 

Explosion  amongst  Water. — Trials  were  made  as  to  what  effect  can  be  attributed 
to  the  Settle  cartridges,  formed,  as  previously  mentioned,  of  an  impermeable 
paper  tube,  closed  at  the  bottom,  which  can  be  filled  with  water,  and  in  the 
midst  of  which  the  explosive  is  placed.  This  tube  is  intended  to  be  placed  in  the 
shot-hole,  which  it  tills.  It  has  a  greater  diameter  than  that  of  the  explosive 
cartridge  which  is  isolated  from  the  sides  by  metal  projections. 

(*)  See  note  B,  page  71. 
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It  was  found  on  suspending  the  Settle  cartridge  in  the  midst 
of  a  fire-damp  mixture,  and  placing  a  cartridge  of  powder  in  the 
midst  of  the  water,  that  the  detonation  of  the  latter  caused  the 
ignition  of  the  external  gas. 

When  the  powder  was  replaced  by  a  cartridge  of  772  grains  of 
dynamite,  the  same  effect  was  produced  once  in  two  trials. 


Variation  of  Work  Developed  by  the  Gases  of  the  Explosion  with 
Density  of  Charging. — Tests  were  made  as  to  what  effect  an  empty 
space  left  between  the  explosive  and  the  tube  could  produce  ;  or, 
to  put  it  more  generally,  the  variation  of  what  may  be  called  the 
density  of  charging ;  that  is  to  say,  the  proportion  between  the 
weight  of  the  explosive  and  the  volume  which  it  occupies  in  the 
tube. 

With  this  object  401  grains  of  dynamite  were  rammed  into 
a  tube  of  thin  glass,  of  an  external  diameter  less  than  1  inch, 
and  this  little  tube  was  placed  inside  a  tin  tube  of  0"98  inch  and 
Vol  inches,  closed  at  one  end,  and  above  a  plug  of  clay  of  2  inches 
thick.  The  upper  part  of  the  tin  tube  was  stemmed  from  4  inches 
to  4|  i aches  thick  with  clay. 
Figure  10. 

This  method  of  charging  is  shewn  in  fig.  10,  where  t  is  the  internal  glass  tube 
filled  with  dynamite,  TT  the  tin  tube,  A  the  clay  plug,  and  B  the  clay 
stemming. 

Under  these  conditions,  the  two  curves  of  the  variation  of  pressure  are  shewn 
by  fig.  11. 

The  initial  pressure  developed  by  the  26  grammes  (401  grains)  of  dynamite 
detonating  unconfined  (curve  T),  may  be  deduced  : — 

P—  P  =  -420  metre  of  water,  whence  Q'  =  24-5. 
This  result  is  in  accordance  with  the  experiment  made  with  50  grammes  (772 
grains). 

As  to  the  detonation  in  the  internal  glass  tube  inside  the  tin  tube,  the  initial 
pressure  is  found  to  be — 

P'— P  =  -330  metre  of  water,  whence  Q"  =  19  3. 

P-'P 

Inches  I/bare 

1676      =       0+0 


II  81       — 


7-07 


3S4- 


0.50 


0,20 


0,10 


ts' 


2J0l 


*5 


Figure  11. 
T,  Curve  of  pressures  for  a  cartridge  of  401  grains  of  dynamite  detonating  unconfined. 
E,  Curve  of  pressures  for  a  cartridge  of  401  grains  of  dynamite  filling  a  thin  glass  tube,  stemmed 
inside  a  tin  tube  of  0-98  inch  by  1*57  inches. 
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Under  these  new  conditions  of  charging,  the  quantity  of  heat  AU  expended  in 
mechanical  work  is  equal  to  5'2  calories,  and  the  proportion  of  this  quantity  to  the 
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total  amount  of  heat  given  off  from  the  explosion  is  only =   '21. 

24  5 
The  mechanical  efficiency  which  with    ordinary  stemming  was  about  £,  is  now 
no  more  thau  about  \.  (*) 

This  difference  can  be  accounted  for,  by  noting  that  the  density  of  charging 
being  diminished,  the  gases  of  the  explosion  expand  themselves  in  the  tin  tube 
before  exerting  pressure  on  its  sides,  and  maintaining  their  temperature,  because 
there  has  been  no  work  effected.  The  pressure  exercised  by  the  gases  on  the  walls 
of  the  tube  being  less,  these  sides  are  projected  with  less  force  and  acquire 
less  kinetic  energy,  whence  there  results  a  less  production  of  mechanical  work.t 

It  follows  naturally  for  that  reason  that  the  temperature  of  the  gases,  after  the 
destruction  of  the  tube,  is  less  reduced,  and  in  consequence  higher  than  under  the 
normal  conditions  of  stemming. 

Under  the  preceding  conditions,  with  the  internal  glass  tube  inside  the  tin  tube 
of  0'98  inches  and  1'57  inches,  it  was  found  that  the  temperature  of  the  gases  of  the 
explosion,  after  the  mechanical  work  effected,  was  equal  to  4,568  degs.  F.  The 
gases  of  the  explosion,  which  do  not  ignite  fire-damp  under  normal  conditions  of 
stemming,  can,  therefore,  ignite  it  under  these  new  conditions.  This  has  been 
verified  with  a  lead  tube  of  106  inches  and  1  "57  inches.  A  cartridge  of  463  grains 
of  dynamite,  which,  stemmed  in  the  metallic  tube  in  the  ordinary  way,  does  not 
ignite  fire-damp,  ignites  it  every  time  when  it  is  placed  in  an  internal  glass  tube 
stemmed  into  the  lead  tube,  as  has  been  observed. 

For  a  similar  reason,  dynamite  simply  poured  into  a  lead  tube  of  1'26  inches 
and  1'65  inches,  and  then  stemmed,  ignites  fire-damp,  although  under  the  same 
conditions  dynamite  rammed  down  does  not  ignite  it. 

From  this,  the  very  important  practical  conclusion  is  deduced,  that  it  is  always 
necessary  to  ram  down  and  carefully  stem,  though  not  excessively,  the  explosives  in 
the  shot-hole  ;  they  work  better  and  are  less  dangerous. 

By  varying  the  shape  of  the  vessel,  which  contains  the  explosive,  the  density 
of  charging  is  not  affected,  but  the  work  imposed  per  unit  of  volume  of  the  gases 
produced  by  the  detonation  is  varied.  For  example,  by  flattening  the  tube,  the 
work  is  increased.  Thus  the  observed  fact  that  dynamite  enclosed  in  a  lead  tube, 
of  circular  section  of  1*18  inches  and  1*57  inches,  ignites  the  gas,  although  ignition 
is  not  produced  when  the  same  tube  is  flattened. 

It  has  been  shewn  that  the  gases  of  the  detonation  issuing  from  the  tin  tube  of 
0'98  inch  and  1*57  inches,  which  contains  the  internal  glass  tube  filled  with 
dynamite,  should  possess  a  temperature  of  about  4,532  degs.  F.  They  no  longer 
ignite  the  gas,  but  this  effect  must  be  on  the  point  of  production,  for  with  a  lead 
tube  of  1 '06  inches  and  1 '57  inches  ignition  took  place.  It  appears  consequently 
that  the  apparent  temperature  of  ignition  is  a  little  above  4,532  degs.  F.  By 
another  method,  it  was  found  to  vary  between  3,902  degs.  F.  and  4,136  degs.  F. 
The  discordance  between  these  two  estimates  will  not  appear  considerable,  if 
the  numerous  sources  of  error  which  might  affect  them  are  considered.  The 
latter  value  is  a  special  function  of  very  numerous  variables,  such  as  the  dimensions 
of  the  internal  glass  tube,  the  space  left  between  the  sides  of  this  tube  and 
those  of  the  metallic  tube,  and  possibly  even  the  shape  of  this  space.     For  these 


(*)  This  experiment  shews  there  is  no  advantage  in  placing  the  explosive  in  a  more  or  less 
enlarged  cavity,  as  has  been  often  suggested  for  the  purpose  of  increasing  the  useful  effect  of  this 
explosive. 

(t)  See  Note  B,  page  71. 
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various  reasons,  the  first  estimate,  which  fixes  the  apparent  temperature  of 
ignition  of  fire-damp  mixtures  at  about  3,992  degs.  F.,  appears  to  deserve  most 
confidence. 


Method  of  Detonation  of  Various  Explosives  in  a  Closed  Vessel.  —Experimental 
Researches. — The  results  given  by  the  detonation  of  explosives  in  tubes,  have  been 
made  use  of,  in  order  to  gain  some  notion  of  the  method  of  decomposition  of  these 
explosives  in  a  closed  vessel. 

Indeed,  if  an  explosive  properly  stemmed  in  a  tin  tube  of  0*98  inch  and  1'57 
inches,  is  detonated  in  the  boiler,  and  if  the  compression  produced  is  measured, 
this  compression  will  correspond  to  about  "63  of  the  heat  developed  by  the 
explosion,  which  can  thus  be  at  least  approximately  measured. 

The  results  contained  in  the  following  table  have  been  so  obtained  : — 


Nature  of  Explosive. 

Weights  of 

Tubes. 

P'— P 

Pressure 
in  inches 
of  water. 

(a) 

Q 

(b) 

Q 

Cart- 
ridges. 

Deton- 
ators. 

Metal. 

Diameters. 

Grains. 

Grains. 

In.        In. 

In. 

( 

771-6 

23-15 

Tin 

0-98  —  1-57 

20-67 

) 

Dynamite,  of  75  per  cent.         < 

771-6 

23-15 

Lead 

1-26  —  1-65 

18-11 

{  385-9 

I 

771-6 

23-15 

Lead 

1-18  —  1-38 

22-24 

) 

Blasting-Gelatine  (Paulilles)   ... 

771-6 

23-15 

Tin 

0-98  —  1-57 

24-41 

456-5 

609-3 

Bellite        j 

771-6 
771-6 

23-15 
23-15 

Lead 
Tin 

1-18  —  1-38 
0-98  —  1-57 

18-50 
20-08 

393-0 
377-1 

|  397-8 

Pyroxyline -Powder    (Moulin-  \ 
Blanc) j 

771-6 

23-15 

Tin 

0-98  —  1-57 

18-50 

345-4 

325-5  to 
397-0 

20  per  cent.  Dynamite— 80  per ) 
cent.  Ammonia  Nitrate       j 

771-6 

23-15 

Tin 

098  —  1-57 

11-02 

205-6 

198-5 

67  per  cent.  Dynamite — 33  per  ) 
cent.  Ammonia- Alum          ) 

771-6 

23-15 

Tin 

0-98  —  1-57 

14-96 

281-9 

131-0 

60  per  cent.  Dynamite— 40  per  )• 
cent.  Sal-Ammoniac  ...        J 

771-6 

23-15 

Tin 

0-98—  1-57 

14-57 

271-9 

138-9 

67  per  cent.  Dynamite— 33  per  ) 
cent.  Sal-Ammoniac  ...         j 

771-6 

23-15 

Tin 

0-98  —  1-57 

16-54 

309-7 

194-5 

60  per  cent.  Cotton  ( = -68)— 40 ) 
per  cent.  Ammonia  Nitrate  J 

463-0 

23-15 

Tin 

0-98  -  1-57 

11-81 

369-2 

381-1 

80  per  cent.  Cotton  (  = -68)— 20 ) 
per  cent.  Ammonia  Nitrate  J 

463-0 

23-15 

Tin 

0-98  —  1-57 

11-02 

345-4 

325-5 

90  per  cent.  Cotton  (=-68)— 10  ) 
per  cent.  Ammonia  Nitrate  J 

463-0 

23-15 

Tin 

0-98  —  1-57 

9-05 

281-9 

301-7 

(a)  Q,  deduced  reckoning  the  fraction  lost  in  mechanical  work.    Per  1,543-2  grains. 

(b)  Q,  theoretical  per  1,543-2  grains. 

This  table  shews  that  blasting-gelatine  is  not  perfectly  detonated,  even  when 
stemmed  in  a  tin  tube  of  0"98  inches  and  T57  inches.  The  complete  detonation  of 
this  substance,  that  is  to  say,  the  complete  combustion  of  the  gases  of  the  cotton 
by  the  oxygen  of  the  dynamite,  requires  stronger  vessels,  capable  of  keeping  the 
gases  a  longer  time  in  mutual  contact.  It  is  probable  that  gelatine,  in  soft  rocks 
of  little  resistance,  only  developes  a  part  of  its  energy. 

Bellite  and  pyroxy line-powder  detonate  completely  in  the  tin  tube  of  0'98  inch 
and  1'57  inches  ;  bellite  detonates  perfectly,  even  in  a  lead  tube  of  1*18  inches  and 
1"38  inches. 
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Mixtures  of  dynamite  and  sal-ammoniac  detonate  in  the  tin  tube  of  0*98  inch 
and  1  '57  inches,  nearly  the  same,  as  they  detonate  when  unconfined.  The  decom- 
position of  the  sal-ammoniac  is  not  effected  or  very  partially  so,  even  under 
comparatively  favourable  conditions.  The  speed  of  decomposition  of  the  sal- 
ammoniac  is  too  little. 

Mixtures  of  dynamite  and  ammonia-alum,  are  similar. 

Mixtures  of  20  per  cent,  dynamite  and  80  per  cent,  of  nitrate  of  ammonia 
detonate  perfectly  in  the  tin  tube  of  0'98  inches  and  1*57  inches. 

Mixtures  of  cotton  (=  "68)  and  nitrate  of  ammonia,  are  similar. 

Effect  produced  by  Explosives  stemmed  in  a  Shot-hole  and  Ignited  with  Fuse. — The 
explosives  detonate  by  the  action  of  the  detonators  ;  they  may  continue  to  burn,  at 
least  generally,  when  they  are  ignited  by  flame. 

When  this  second  method  of  decomposition  happens,  it  may  be  the  cause  of 
special  dangers  in  fiery  mines.  If  it  occurs  unconfined,  the  fire-damp  would  be 
ignited,  but  it  is  rather  difficult  to  understand  how  a  similar  accident  could  be 
produced  in  practice. 

When  the  explosive  is  placed  at  the  bottom  of  a  shot-hole,  it  may  be  ignited  by 
the  action  of  the  Bickford  fuse,  if  that  fuse  comes  in  contact  with  the  explosive 
before  it  fires  the  detonator. 

These  conditions  have  been  reproduced,  with  a  dynamite  cartridge  well  stemmed 
in  a  tin  tube  of  0'98  inches  and  T57  inches ;  into  this  cartridge  and  right  to  the 
bottom  is  inserted  a  Bickford  fuse,  carrying  at  its  end  a  detonator  of  23  grains  of 
fulminate.  The  fire-damp  is  ignited.  This  effect  does  not  occur  if  detonator  is 
not  used.  Doubtless  the  detonator  has  the  effect  of  projecting  outside,  the  already 
swollen  tube,  the  flame  which  fills  it  entirely. 

Safety,  therefore,  imperiously  demands,  as  well  as  the  useful  employment  of  the 
explosive,  that  the  Bickford  fuse  should  never  be  in  contact  with  the  explosive. 

Summary. — General  Rule  for  the  use  of  Explosives  in  a  Fiery  Aline. — This  part 
of  the  studies  of  the  Commission  may  be  summarised  by  saying  that  explosives 
which  do  work  are  less  dangerous  than  those  which  do  no  work,  and  that  they  are 
so  much  the  less  dangerous  as  they  work  better.  All  the  conditions  which  tend  to 
diminish  the  useful  effect  of  the  explosive,  such  as  the  absence  of  stemming  or 
imperfect  stemming,  the  space  left  behind  the  stemming  or  between  the  stemming 
and  the  stemming  and  the  explosive,  and  contact  between  the  Bickford  fuse  and 
the  explosive,  ought  to  be  avoided  with  the  utmost  care. 


CHAPTER  IV. 


METHOD  OF  FIRING  SHOTS  IN  MINES. 

Detonators  Plugged  and  Unplugged — Difference  of  their  Effects  on  the  Ignition  of 
Fire-damp. — The  detonation  of  explosives  necessitates  the  use  of  a  detonator,  which 
is  usually  formed  of  a  small  cylindrical  vessel  of  copper  or  brass,  generally  contain- 
ing fulminate  of  mercury,  more  or  less  mixed  with  other  substances. 

It  was  found,  as  already  mentioned,  that  so-called  plugged  detonators,  with  23 
and  even  31  grains  of  fulminate,  do  not  ignite  the  fire-damp.  Plugged  detonators 
with  23  grains  fulminate  do  not  even  ignite  mixtures  of  air  and  coal-gas,  but  they 
do  ignite  mixtures  of  air  and  of  hydrogen. 
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Plugged  detonators  containing  77  grains  of  fulminate  ignite  fire-damp. 

With  unplugged  detonators,  the  charge  of  23  grains  of  fulminate,  will  produce 
ignition  of  mixtures  of  air  and  of  fire-damp. 

The  principal  difference  between  the  unplugged  and  the  plugged  detonators  is 
that,  in  the  latter,  the  fulminate  placed  at  the  bottom  of  the  cylinder  is  almost 
covered  by  a  small  metallic  bonnet,  with  an  orifice  at  the  top  which  exposes  the 
fulminate  and  allows  firing  to  be  effected.  Moreover,  the  thickness  of  the  metal 
is  greater,  and  the  fulminate,  being  more  compressed,  has  a  greater  density. 

According  to  the  principles  whose  correctness  has  been  demonstrated  above,  the 
plugged  detonators  having  a  greater  metallic  mass  and  a  greater  density  of  charging, 
the  gases  resulting  from  the  detonation  of  the  fulminate,  expend  more  energy,  in  the 
shape  of  mechanical  work,  before  coming  in  contact  with  the  external  gas  ;  they 
ought,  therefore,  as  has  been  observed,  with  equal  charges,  to  ignite  gaseous  mix- 
tures  with  greater  difficulty. 

Moreover,  if  an  unplugged  detonator  with  23  grains  of  fulminate,  be  lapped 
externally  with  contiguous  spirals  of  fine  copper  wire,  the  mechanical  work  that 
the  gases  of  the  detonation  must  produce  is  increased,  and  it  has  been  proved 
that,  under  these  conditions,  the  detonation  of  the  unplugged  detonator  no  longer 
ignites  the  fire-damp  mixture.  This  experiment  is  a  new  demonstration  of  the 
principles  above  stated. 

Various  Detonators. — It  has  been  found  that  the  detonators  from  Paulilles,  those 
fired  by  electricity,  as  well  as  those  fired  by  Bickford  fuse,  do  not  ignite  fire-damp. 
The  same  may  be  said  of  the  Abegg  detonators,  fired  by  electricity. 

The  Ruggieri  and  Scola  (*)  detonator  does  ignite  the  fire-damp  mixture. 

Dangers  which  Characterise  the  Bickford  Fuse. — The  detonation  of  the  detonator 
can  be  caused  by  the  Bickford  fuse,  and  it  has  been  ascertained  that  the  combustion 
of  this  fuse  can  occur  in  the  midst  of  a  fire-damp  mixture  without  igniting  it, 
provided,  be  it  well  understood,  that  the  end  which  is  lighted  be  outside  the 
imfiammable  mixture. 

The  dangers  attendant  on  the  use  of  this  fuse  are,  however,  very  evident. 

It  is  safe  only  when  of  good  quality,  and  its  safety  depends  on  the  perfection  of 
its  make,  which  it  is  impossible  to  control. 

Another  very  serious  cause  of  danger  arises  from  the  possibility  of  a  mistake 
by  the  workman  pushing  the  fuse  too  deeply  into  the  cartridge,  and  thus  putting 
it  in  direct  contract  with  the  explosive.  Under  these  conditions  the  explosive, 
burning  before  detonation,  may  project  the  gases  produced  by  the  combustion, 
outside  the  hole  and  produce  an  ignition  of  fire-damp.  This  source  of  danger  is  so 
much  the  more  grave,  as  the  safety  of  the  mine  depends  upon  an  operation 
performed  by  a  workman  and  impossible  to  control.  Without  speaking  of  the 
inconvenience  which  results  from  lighting  the  end  of  the  fuse,  which  can  only  be 
done  at  a  point  in  the  drift  where  the  absence  of  fire-damp  is  well  ascertained  ;  it, 
therefore,  seems  desirable  that  the  use  of  the  Bickford  fuse  should  be  suppressed 
in  fiery  mines. 

Use  of  Electricity. — Electricity,  either  tensional  or  in  currents,  may  then  be 
employed.  Without  entering  into  a  profound  discussion  of  the  various  means  of 
electric  ignition,  the  inconveniences  of  tensional  electricity  which  may  give  off, 

(*(  The  Ruggieri  and  Scola  detonator  is  a  kind  of  small  rod  formed  of  priming  powder,  which 
the  fuse,  by  means  of  a  small  quantity  of  explosive,  projects,  from  the  unstemmed  orifice  of  the 
shot-hole,  upon  the  cartridge  placed  at  the  bottom. 
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on  its  circuit,  sparks  capable  of  igniting  the  fire-damp,  and  which  can  only  be 
carried  to  a  rather  short  distance,  when  the  wires  are  not  perfectly  insulated, 
should  be  considered. 

It  seems,  therefore,  that,  as  regards  safety  at  least,  currents  at  low  tension  are 
preferable. 

Detonating  Strings. — It  was  proposed  to  replace  the  electric  wire  by  a  detonating 
string  of  nitro-cellulose,  which  would  be  made  to  explode  by  means  of  a  plugged 
fulminate  detonator  placed  outside  the  hole,  and  ignited  either  by  electricity  or  a 
friction  match,  or  even  by  a  Bickford  fuse,  which  would  be  much  less  dangerous, 
because  then  it  could  never  come  in  contact  with  the  explosive.  At  the  same  time, 
the  inconvenience  of  stemming  upon  a  detonator  which  explodes  by  percussion  would 
be  avoided,  and  that  of  having,  after  a  miss-fire,  a  cartridge  with  its  detonator  at 
the  bottom  of  the  hole. 

Unfortunately,  it  is  certain  that  these  strings,  when  of  small  diameter, 
do  not  cause  with  certainty  the  detonation  of  the  less  sensitive  explosives  such  as 
mixtures  of  cellulose  (low  in  N02),  and  nitrate  of  ammonia,  pyroxyline  powder,  &c. 

On  the  other  hand,  by  increasing  the  diameter  of  the  string,  there  is  perhaps  the 
risk  of  too  much  enlarging  the  pipe,  which  is  formed  by  the  string  in  the  stemming, 
and  which  it  widens  on  detonation.  The  gases  resulting  from  the  detonation  of 
the  explosive  might  escape  by  this  orifice,  and  cause  the  ignition  of  the  fire-damp 
mixture  outside. 

This  idea  has,  therefore,  been  abandoned,  at  least  until  more  complete  experiments 
may  have  been  made  on  this  subject. 

friction  Detonators. — Lieutenant-Colonel  Lauer,  of  the  Austrian  Engineers,  has 
recently  proposed  to  fire  explosives  stemmed  at  the  bottom  of  a  shot-hole  by  a 
friction  detonator.  This  detonator,  sunk  into  the  cartridge,  is  set  in  action  by 
means  of  a  metallic  wire  enclosed  in  a  small  tube  embedded  in  the  midst  of  the 
stemming. 

This  system  is  already  exclusively  employed  in  a  number  of  Austrian  mines, 
where  it  would  appear  to  be  giving  satisfaction.  As  soon  as  a  sufficient  number 
of  Colonel  Lauer's  detonators  are  available,  experiments  will  be  made  upon 
them,  and  a  report  made  to  the  Commission. 


CHAPTER  V. 


CONCLUSIONS. 

The  conclusions  warranted  by  the  researches  of  the  Commission  are  as  follows  : — 

1.  Blasting-powder,  even  fired  in  the  midst  of  water,  can  ignite  mixtures  of 
fire-damp  and  air. 

2.  Most  of  the  known  explosives,  detonating  uncontined,  are  liable  to  ignite  fire- 
damp mixtures  ;  dynamite,  military  or  mining  gun-cotton,  particularly  the  latter, 
blasting-gelatine,  gelatine-dynamite,  and  ammonia-dynamite  of  Paulilles  are  in  this 
category. 
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3.  It  is  possible,  however,  to  find  explosives  which  detonate  at  a  temperature 
low  enough  not  to  provoke,  at  least  in  the  great  majority  of  instances,  detonating 
unconfined,  the  ignition  of  fire-damp  mixtures.  Among  the  explosives  tested  by 
the  Commission  which  realise  these  conditions,  more  or  less  perfectly,  may 
be  mentioned  : — 

(1)  Intimate  mixtures  of  50  per  cent,  of  dynamite  with  50  per  cent,  of  crystallised 

carbonate  of  soda  ;  sulphate  of  soda  with  10  equivalents  of  water  ;  ammonia- 
alum  ;  or  sal-ammoniac. 

(2)  The  pyroxyline  powder  from  Moulin-Blanc. 

(3)  The  mixture  of  20  per  cent,  of  dynamite  (75  per  cent.)  with  80  per  cent. 

of  nitrate  of  ammonia. 

(4)  The  mixture  of  20  per  cent,  of  gun-cotton  ( =   "68  cubic  inch  of  N02  per  grain) 

and  80  per  cent,  of  nitrate  of  ammonia. 

(5)  Bellite,  the  composition  of  which  is  not  known  with  perfect  certainty,  and 

which,  as  yet,  has  undergone  an  insufficient  number  of  tests. 

(6)  Favier  explosive,  made  of  about   90  per  cent,  of  nitrate  of  ammonia,  and 

10  per  cent,  of  mononitro-naphthalene,  which  appears  likely  to  equal  bellite 
as  regards  safety,  but  whose  intermediate  detonator,  such  as  has  been 
submitted  to  the  Explosive  Substances  Commission,  should  be  suppressed, 
and  upon  which  further  experiments  should  be  made. 

4.  By  reason  of  the  complexity  and  the  lack  of  certainty  of  the  phenomena  which 
may  attend  the  detonation  of  unconfined  explosives,  it  will  always  be  prudent  to 
avoid  firing  shots  (even  charged  with  one  of  the  explosives  considered  the  safest) 
at  a  point  where  the  mixture  of  fire-damp  and  air  may  be  inflammable.  The  choice 
of  these  explosives  should  be  considered  as  considerably  lessening  the  danger  of 
explosion  ;  it  should  not  be  considered  as  absolutely  suppressing  it. 

5.  Explosives  must  always  be  used  under  the  conditions  which  allow  them  to 
develope  the  maximum  of  useful  work.  Both  economy  and  safety  agree  in  the 
recommendation  of  this  rule. 

Consequently,  the  explosive  must  be  carefully  stemmed  at  the  bottom  of  the  shot- 
hole,  which  must  be  deep  enough  ;  the  leaving  of  an  empty  space  either  in  front  of 
or  behind  the  cartridge,  or  on  one  side  must  be  avoided  ;  contact  must  be  avoided 
between  the  explosive  and  the  Bickford  fuse,  if  the  detonator  is  fired  by  that 
means,  the  danger  of  which  is  besides  serious  enough  to  make  it  desirable  to 
replace  it  by  a  safer  means  of  firing. 

The  Commission  had  not  to  consider  matters  of  management.  It  may  be  seen, 
however,  that  the  preceding  conclusions  tend  to  the  abandonment  of  blasting- 
powder  in  fiery  mines,  and  even  to  throw  suspicion  on  ordinary  dynamite, 
blasting-gelatine,  and  ammonia-dynamite,  as  now  manufactured  ;  blasting-gelatine 
appearing  to  be  the  most  dangerous  of  all  these  substances. 

The  explosives  which  can  best  be  recommended  as  regards  safety  are  dual 
mixtures  of  an  explosive  such  as  dynamite,  gun-cotton,  or  dinitro-benzol,  with  nitrate 
of  ammonia.  The  mode  of  manufacturing  these  mixtures,  the  manner  in  which  they 
can  be  protected  from  atmospheric  moisture,  and  the  greater  or  less  duration  of  their 
resistance  to  this  influence  ought  to  be  tested.  It  will  also  be  necessary  to  test 
the  useful  effect  of  these  mixtures  in  practical  experiments,  the  manner  in  which 
they  act  in  breaking  down  stone,  and  more  particularly  coal.  The  study  of  these 
questions  will  require  experiments,  most  of  which  can  only  be  made  at  the  mine, 
and  by  the  managers. 

The  Commission  express  the  desire  that  the  Government  Powder  Mills  should 
manufacture  a  sufficient  number  of  cartridges  of  these  various  explosive  mixtures, 
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to  be  distributed  to  those  managers  who  would  be  willing  to  try  them  in  a  practical 
way. 

The  trials  finished,  there  would  remain  the  question  of  the  manufacture  on 
large  scale.     For  some  of  the  mixtures  which  appear  to   possess  good   enough 
guarantees  of  safety,  such  as  gun-cotton  and  nitrate  of  ammonia,  the  Government 
Powder  Mills  have  the  monopoly  of  manufacture. 

The  mining  industry,  moreover,  would  only  gain  from  the  establishment  of  an 
active  competition  in  the  manufacture  of  the  explosives,  at  present  almost  an 
actual  monopoly.  This  advantage  will  be  still  greater  when  it  is  a  question  of 
mixtures,  the  comparative  safety  of  which  depends  upon  the  exact  proportion  of 
the  mixed  substances,  which  is  difficult  to  regulate. 

The  Commission,  therefore,  express  the  view  that  the  Government  Powder 
Mills  should  take  measures  to  supply  to  the  trade  those  mixtures  based  on  gun- 
cotton  recognised  as  advantageous  as  regards  *he  safety  of  fiery  mines. 

5th  July,  1888. 

The  President  of  the  Sub-Commission  and  Reporter, 

Er.  Mallard. 

Adopted  by  the  Commission  at  their  sitting  of  the  5th  July,  1888, 
P.  Vieille,  Secretary.  Berthelot,  President. 
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TABLE  OF  EXPERIMENTS  MADE  AT  THE  SEVRAN-LIVRY 
POWDER  MILL. 

From  November,  1887,  to  June,  1888. 

Notes.— I  signifies  that  the  gaseous  mixture  was  ignited  by  the  detonation  of  the  explosive. 
N  signifies  that  there  was  no  ignition  of  the  gaseous  mixture. 
In  the  list  of  dates  the  numbers  after  the  date  itself  show  that  the  experiment 

was  made  with  the  first,  second,  or  third  gaseous  mixture  prepared  on  that 

day. 

I.  DETONATORS. 


Dates. 

Weight 

of 

Fulminate 

Propor- 
tion of 
CH4in 
mixture. 

Result 

of 
Experi- 
ment. 

Remarks. 

1.  Unplugged  detonators. 


Grains. 

Per  cent. 

18  Nov.   (1) 

23-15 

8-7 

23  Nov.  (1) 

23-15 

8-7 

30  Nov.  (2) 

23-16 

8-5 

9  Dec.    (3) 

23-15 

8-7 

24  Apr.    (1) 

23-15 

10-3 

2  May   (2) 

2315 

10-3 

11  May    (1) 

23-15 

10-3 

2.  Unplugged  detonators  lapped  externally  with  copper  wire. 


2  May    (2) 
11  May    (1) 


23-15 
23-15 


10-3 
10-3 


3.  Plugged  detonators. 


23  Nov.  (2) 
23  Nov.  (2) 
23  Nov.  (2) 
23  Nov.  (2) 
29  Nov.  (1) 

29  Nov.  (1) 
17  Mar.  (1) 
11  May  (1) 
13  Nov.  (2) 

15  Nov.  (2) 
10  Nov.  (2) 

16  May   (2) 

30  May   (2) 


3-86 
7-72 
15-43 
19-29 
23-15 
23-15 
23-15 
23-15 
30-86 
5401 
69-45 
77-16 
77-16 


8-7 

8-7 

8-7 

8-7 

8-5 

9-6 

10-3 

10-3 

10-3 

10-7 

10-3 

10-3 

10-3 


N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
I 
I 


One  detonator  of  23-15  grains  in  one  of  30-86  grains. 
Three  detonators  of  23-15  grains  each. 


4.  Paulilles  detonators. 


24  Apr.  (1) 
24  Apr.   (1) 


10-3 
10-3 
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I.— Detonators— Continued. 


Dates. 

Weight 
of 

Fulminate 

Propor- 
tion of 
Oil,  in 
mixture. 

Result 

of 
Expei  i 

Mlrht. 

Remarks. 

5.    Abegu  detonators. 


Grains. 

Per  cent. 

9  Dec.  (3) 

1 

S-7 

N 

10  Mar.  (3) 

1 

10-3 

N 

6.      RUGGIEBI  AND  SCOLA  DETONATORS. 


23  May   (1) 

10-3 

I 

7.      BlCKFORD  FUSE. 


20  Apr.   (2) 

10-3 

N 

24  Apr.  (1) 

10-3 

N 

2  May  (2) 

10-3 

N 

3  May   (1) 

10-3 

N 

3  May   (1) 

10-3 

N 

3  May  (1) 

10-3 

N 

f  Fuse  2  ft.  long,  burning  in  the  gas,  ignited  outside, 
(     having  at  its  end  a  detonator  of  23-15  grains. 

|  Fuse  ignited  outside,  having  at  its  end  a  Paulilles 
1     detonator. 

j  Fuse  pushed  into  a  cotton  cartridge  enclosed  in 
I     a  tube. 


do. 


do. 


do.  do. 

Fuse  pushed  into  dynamite  enclosed  in  a  tube. 
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II.    UNCONFINED  CARTKIDGES. 


Dates. 

Weight 

of 

Explosive. 

Number  and 

Size  of 
Detonators. 

Propor- 
tion of 
CH4 

Result 

of 
Test. 

Remarks. 

A.    Explosives  already  known. 
1.    No.  1  Dynamite  (Vonges,  75  per  cent,  of  nitro-glycerine). 


Grains. 

Per  cent. 

23  Dec. 

(3) 

771-6 

1  of  23-15  grains. 

7-0 

I 

Cartridge  wrapped  in  paper. 

15  Feb. 

(1) 

771-6 

do. 

7-0 

I 

do.             do. 

5  Dec. 

(2) 

771-6 

do. 

8-5 

I 

do.             do. 

9  Dec. 

(2) 

771-6 

do. 

8-7 

I 

do.            do. 

26  Dec. 

(2) 

771-6 

do. 

8-7 

I 

do.             do. 

21  Feb. 

(1) 

771-6 

do. 

10-3 

I 

do.             do. 

15  Mar. 

(2) 

771-6 

do. 

10-3 

I 

(  Cartridge  in  lead  tube  1-06  in.  ami 
J.  1-57  in.,  closed  at  one  end  and 
(     open  at  the  other. 

10  Mar. 

(3) 

771-6 

do. 

10-3 

I 

(  Sides  of  cartridge  covered  with 
(     clay,  ends  exposed. 

17  Mar. 

(1) 

771-6 

do. 

10-3 

I 

(  Cartridge  in  lead  tube  l-06  in.by 
-j  1-57.  Ends  closed  by  thin  tamp- 
(     ing  of  clay  from  -4  in.  to  -8  in. 

2.    No.  0.    Dynamite  (Paclilles). 


9  Feb.  (3) 

Grains. 
771-6 

1  of  23-15  grs. 

Per  cent. 
6-1 

I 

3.  Blasting-gelatine  (Paulilles). 


5  Dec. 

(1) 

771-6 

Feb. 

(1) 

771-6 

26  Dec. 

(1) 

771-6 

10  Feb. 

(U 

7716 

18  Feb. 

(1) 

771-6 

12  Dec. 

<1) 

771-6 

12  Dec. 

(2) 

771-6 

15  Mar. 

(1) 

771-6 

12  Dec. 

(3) 

771-6 

1  of  23-15  grs. 

do. 
do. 
do. 

do. 

do. 
do. 

2  of  38-58  grs. 
1  of  23-15  grs. 


8-5 

N 

8-7 

N 

8-7 

N 

8-7 

N 

8-7 

N 

12-4 

N 

in 

N 

7-0 

I 

10-3 

I 

Detonation  very  doubtful. 

do.  do. 

do.  do. 

do.  do. 

(  Detonation  very  doubtful.  Pres- 
i  sure  developed  in  boiler  =  -39 
(     in.  of  water. 

Detonation  very  doubtful. 

do.  do. 

(  Cartridge  in  lead  tube  of  1-06  in. 
( and  1-57  in .  and  open  at  both  ends. 

Cartridge  unconfined. 


I  ll  I  0MMI8SION      REPORT  ON  TIIK 

II.— Unconkined  Cartridges— Oontim  w  <l. 


DATES. 

Weight 

.,i 

Eizplosive. 

Number  and  Size     '."'"'.'""r 
ii  Di  1  matore.          '.'  ,' 

1  ii  i 

ol 

Itiiiiarks. 

4.    Gelatine-Dynamite  (Paulilleh). 


9  Dec. 

(3) 

771-6 

28  Dee, 

(1) 

771-6 

12  Dec. 

(0 

771-6 

IS  Dec. 

(2) 

771-0 

12  Dec. 

ID 

771-6 

13  Feb. 

(3) 

771-6 

15  Feb. 

(1) 

771-6 

15  Feb. 

(2) 

771-6 

13  Feb. 

(2) 

771-6 

l  of  88-16  g». 

do. 

do. 

do. 

do. 
1  of  31.1- 
3  of  28-15  grs. 

do. 

1  of  30-86  grs. 


8'7 

N 

:i-u 

N 

103 

N 

11-1 

N 

12-4 

X 

B7 

N 

7-0 

N 

8-7 

N 

10-3 

I 

Detonation  very  doubtful. 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

i  Detonation  very  doubtful.  Pres- 
l  sure  developed  =  -39  in.  of 
(     water. 


5.    Ammonia  Dynamite  (Paulilles). 


9  Feb.  (3) 

771-6 

1  of  23-15  grs. 

6-1 

X 

9  Feb.  (2) 

771-6 

do. 

8-7 

I 

9  Feb.  (1) 

771-6 

do. 

10-3 

I 

6.    Military  Gun-cotton  in  thin  brass  cases. 


28  Dee.  (1) 

432-1 

1  of  23-1 5  grs. 

7-0 

X 

5  Dec.  (2) 

432-1 

do. 

8-5 

X 

5  Dec.  (1) 

432-1 

do. 

8-5 

I 

7.     Mining  Gdn-cotton,  Cartridges  wrapped  in  paper. 


Grains. 

Per  cent. 

23  Dec.  (2) 

463-0 

1  of  23-15  grs. 

6-1 

I 

23  Dec.  (1) 

463-0 

do. 

7-0 

I 

9  Dec.  (1) 

463-0 

do. 

8-7 

I 

2  Dec.  (2) 

463-0 

do. 

8-7 

I 

2  Dec.  (1) 

463-0 

do. 

8-7 

I 

30  Xov.  (1) 

4321 

do. 

96 

I 

29  Xov.  (2) 

432-1 

do. 

9-6 

I 

12  Dec.  (2) 

463-0 

do. 

11-1 

I 

12  Dec.  (1) 

463-0 

do. 

12-4 

1 

11  May  (2) 

463-0 

do. 

103 

I 

8.     Gdn-cotton  (  68  cubic  inch  of  N02  per  grain). 


4  June  (4) 

463-0 

2  of  23-15  grs. 

10-3 

1 
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II.— Unconfined  Cartridges— Continued. 


Dates. 

Weight 

of 

Explosive. 

Number  and         Propor- 
Size  of               tion  of 
Detonators.             CH4 

Result 

of 
Test. 

Remarks. 

9.    Pyroxtline  Powder  (Moulin-Blanc). 
In  rectangular  cartridges,  strongly  compressed. 


Grains. 

Per  cent. 

9  May  (2) 

7716 

1  of  23-15  grs. 

10-3 

N 

In  a  thin  brass  case. 

9  May  (2) 

771-6 

do. 

10-3 

N 

Cartridge  unconfined. 

9  May  (2) 

771-6 

do. 

10-3 

N 

do. 

11  May  (2) 

771-6 

do. 

10-3 

N 

do. 

23  May  (1) 

771-0 

do. 

10-3 

N 

do. 

23  May  (1) 

771-6 

do. 

10-3 

N 

do. 

23  May  (2) 

771-6 

do. 

10-3 

N 

do. 

1  June  (1) 

771-6 

do. 

10-3 

N 

do. 

1  June  (3) 

771-6 

do. 

10-3 

N 

do. 

1  June  (3) 

771-6 

do. 

10-3 

N 

do. 

1  June  (5) 

771-6 

do. 

10-3 

N 

do. 

4  June  (2) 

771-6 

do. 

10-3 

N 

do. 

19  May  (3) 

771-6 

do. 

10-3 

I 

(  Cartridge  unconfined. 
\     tare    inside    boiler 
(     weather  oppressive. 

Teinpera- 
104°    F. ; 

10  May  (4) 

771-0 

do. 

10-3 

I 

do. 

do. 

10.      GUN-COTTO> 

and  Nitrate  of  Barium. 

9  May  (1) 

463-0 

1  of  23-15  grs. 

10-3 

I 

Cartridge  unconfined. 

11.     Gun-cotton  (Wetteren)  and  Nitrate  of  Barium. 


9  May  (2) 

?         I      1  of  23-15  grs. 

10-3 

I 

12.    Favier  Explosive. 


10  Mar.  (1) 
10  Mar.  (2) 

617-3 
617-3 

2  of  23-15  grains. 

3  of  23-15  grains. 

10-3 
10-3 

N 
I 

(Cartridges  made  at  Sevran  with 
I       the  mixture,  as  directed  by 
1       Mr.  Favier.    Detonation  very 
(.      doubtful. 

13. 

Hellhoffite. 

15  Mar.  (2) 

? 

1  of  23- 15  grains. 

- 

- 

The  cartridge  did  not  detonate. 

14.    Bellite. 


10  Feb.  (1) 

771-6 

1  of  23-15  grains. 

8-7 

N 

Detonation  very  doubtful. 

15  Feb.  (2) 

771-6 

do. 

8-7 

N 

(  Detonation  very  doubtful.  Pres- 
\  sure  developed  =  1-38  in.  of 
I     water. 

30  May  (1) 

771-6 

do. 

103 

N 

Detonation  very  doubtful. 

1  June  (3) 

771-6 

do. 

10-3 

N 

(  Detonation  very  doubtful.  Ex- 
(     plosives  warmed  to  104°  F. 

4  June  (4) 

771-6 

2  of  23-15  grains. 

10-3 

N 

(  Pressure  developed  =  9-45  in.  of 
\  water.  Temperature  of  gas  in 
I     boiler  =  95°  F. 

4  June  (4) 

771-6 

do. 

10-3 

N 

(  Pressure  =  11-81  in.  of  water. 
(     Temperature  in  boiler  =  95°  F. 
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II.— Unconfined  Cartridges— OotUiti ued. 


Weight  of  Bub- 
stance  added  to 
the  Explosive  in 
100  parts  of 
Mixta 


Number  and 

o  O     ♦ 

—    CO 

Detonators. 

tion 

1   1 

Remarks. 


li.    Various  Mixtures. 
a.  Mixtures  with  Dynamite  Base. 
Mixtures  with  Crystallized  Carbonate  of  Soda. 


Qrains. 

27  Mar.  (1) 

K.puil  vols. 

385-8 

1  of  23- 1 

10-3 

N 

In  a  brass  case. 

87  Mar.  (1) 

50  Carl.. 

L.643'2 

do. 

10-3 

N 

do. 

2.    Mixtures  with  Crystallized  Sulphate 

OF  Soda  (with  10  equivalents  of  H._,  O). 

17  Mar.  (2) 
17  Apr.  (1) 

50  Sulph. 

33  Sulph. 

694-5 
694-5 

1  of  23-15  grs. 
do. 

10-3          N 
103          I 

In  a  brass  case. 

3.    Mixtures  of  Dynamite 

and  Ammonia-Alum. 

24  Apr.  (1) 

50  Alum. 

1.543-2 

1  of  23-15  grs. 

10-3 

N 

In  a  thin  tin  case. 

11  May  (3) 

do. 

1,543-2 

do. 

10-3 

N 

In  a  brass  case. 

24  Apr.  (1) 

33  Alum. 

1,543-2 

do. 

10-3 

N 

do. 

1  June  (4) 

do. 

1,543-2 

do. 

10-3 

N 

do. 

4  June  (1) 

do. 

1,543-2 

do. 

10-3 

I 

28  June  (1) 

25  Alum. 

1,543-2 

do. 

10-3 

1 

do. 

4. 

Mixtures  with  Sal-Ammoniac 

Grains. 

Per  cent. 

20  Apr.  (1) 

50  Sal-Anna. 

1,543-2 

1  of  23-15  grs. 

10-3 

N 

In  a  brass  case. 

24  Apr.  (1) 

do. 

1,543-2 

do. 

10-3 

N 

In  a  tin  case. 

11  May  (2) 

do. 

1,543-2 

do. 

10-3 

N 

In  a  brass  case. 

1  June  (4) 

40  Sal-Amm. 

1,543-2 

do. 

10-3 

N 

do. 

1  June  (5) 

do. 

L543-2 

do. 

10-3 

N 

j  In  a  brass  case.    Pressure 
(     =  19-68  in.  of  water. 

4  June  (2) 

do. 

1,543-2 

do. 

10-3 

I 

In  a  brass  case. 

1  June  (1) 

33  Sal-Amm. 

1,543-2 

do. 

103 

I 

do. 

5.    Mixtures  with  Dust  of  Combustible  Minerals. 


20  Apr.  (3) 

11  May  (2) 

30  May  (2) 

30  May  (2) 

20  Apr.  (3) 

1  May   (3) 

19  May  (1) 

50  dust. 

do. 

do. 

do. 
33  dust. 
25  dust. 
B0  dust. 


1,388-9 
1-388-9 
1,388-9 
1,388-9 
1.388-9 
463-0 
1,543-2 


of  23-15  grs. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-8 

N 

do. 

10-3 

I 

j  In  brass  case.  Blanzy  coal 
(     dust. 

( In  brass  case.  Blanzy  coal 
\     dust. 

( In  brass  case.     Drocourt 
(     (P.  de  C.)  coal  dust. 

I  In  brass  case.      Dourges 
\     (P.  de  C.)  coal  dust. 

( In  brass  case.  Blanzy  coal 
(     dust. 

( In  brass  ease.   Blanzy  coal 
|     dust. 

j  In    brass   case.      Lignite 
(     (brown  coal)  dust. 
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Dates. 


Weight  of  Sub- 
stance added  to 
the  Explosive 
iu  100  parts  of 
mixture. 


is    & 


-— 

Number  and 

o  °    « 

Size  of 

g  =o 

SH 

P4*» 

« 

Remarks. 


6.    Mixtures  with  Nitrate  of  Ammonia. 


4  June  (2) 
4  June  (2) 


Nitrate, 
do. 


Grains. 

1,543-2 


1,543-2 


1  of  23-15  grs. 
do. 


Per  cent 
10-3 


In  a  brass  case. 
do. 


6.    Mixtures  with  Gun-cotton  Base. 
1.    Mixtures  of  Sal-ammoniac  with  Mining  Gun-cotton. 


19  May  (2) 

25  Sal-Amm. 

771-6 

1  of  23-15  grs. 

10-3 

I 

(  Unenclosed.  Tem.  in  boiler 
(     104°.   Weather  stormy. 

23  May  (1) 

20  Sal-Amm. 

964-5 

do. 

10-3 

N 

Unenclosed. 

23  May  (2) 

12-5  Sal-Amm. 

771-6 

do. 

10-3 

I 

do. 

(2)  Mixtures  with  Nitrate  of  Ammonia. 
a  Military  Gun-cotton  (-81  cubic  inch  of  NQ2  per  grain.) 


l  June  (2) 
1  June  (2) 
1  June  (5) 
4  June  (3) 
4  June  (3) 


70  Nitrate. 

do. 

do. 
80  Nitrate. 

do. 


771-6    I  1  of  23-15  grs. 
771-6    |  do. 


771-6 
771-6 
771-6 


do. 
do. 
do. 


10-3 

N 

10-3 

I 

10-3 

I 

10-3 

N 

10-3 

I 

g.  Mining  Gun-cotton  (76  cubic  inch  of  NQ2  per  grain)  Cartridges  probably  damp 


19  May  (4) 

50  Nitrate. 

771-6 

1  of  2315  grs. 

10-3 

N 

("  Detonation     doubtful. 
-J     Temperature  of  gas  in  - 
(     side  boiler  =  104°  F. 

19  May  (4) 

do. 

771-6 

do. 

10-3 

I 

do. 

23  May  (1) 

do. 

771-6 

do. 

10-3 

N 

Detonation  doubtful. 

23  May  (1) 

do. 

771-6 

do. 

103 

N 

do. 

30  May  (2) 

do. 

771-6 

2  of  23- 15  grs. 

10-3 

N 

do. 

30  May  (2) 

do. 

771-6 

3  of  23-15  grs. 

10-3 

N 

do. 

1  June  (3) 
4  June  (2) 

4  June  (2) 

4  June  (2) 

4  June  (2) 

27  June  (1) 

27  June  (1) 

27  June  (1) 


y.    Gun-cotton  ('68  cubic  inch  NO.,  per  grain) 


65  Nitrate. 
80  Nitrate. 

do. 

do. 

do. 

do. 

do. 

do. 


771-6 
771-6 

771-6 

771-6 

771-6 

771-6 

771-6 

771-6 


1  of  23-15  grs. 

10-3 

I 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

do. 

10-3 

N 

( Pressure  developed  inside 
(    boiler  =  3-94  in.  of  water 

( Pressure  developed  inside 
(  boiler  =  7-87  in.  of  water 

j  Pressure  developed  inside 
(  boiler  =  7-87  in.  of  water 

j  Pressure  developed  inside 
(  boiler  =  7-87  in.  of  water 

( Pressure  developed  inside 
(  boiler  =  7-87  in.  of  water 

(  Pressure  developed  inside 
\    boiler  =  7-87  in.  of  water 

Pressure  developed  inside 
boiler  =  7-87  in.  of  water 
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Lb  a  role  the  cartridges  are  inserted  in  tubes  closed  ai  one  end. 

The  explosive  rusts  on  a  plug  of  clay  M'7  in.  to  2*36  in,  thick.     It  is  stemmed  with  a 
tamping  of  clay  3*94  in    to  4'72  in.  thick. 

The  proportion  of  <  'II ,  in  the  gaseous  mixture  is  10*3  per  cent. 


Dates. 

Nature  of 
Explosive, 

Number  and 

Size  of 
Detonators. 

"1 
S  s 
3'C 

.  r 
-  7 

ta 

c    . 
a  V 
-  — 

Internal 

and 
External 
Diameters 
of  Tube. 

Remarks. 

Grs. 

eb.  (l) 

Dynamite  (No.  i  \ 

77P6 

1  ..i  23-16  grs. 

N 

13  Mar.   (3) 

Vonges)  78     of  ■ 

771-6 

Detonating 
Btring. 

I 

Cartridge  covered 
with  clay. 

17   Mar.  (2) 

nifcro-glyeerine   ' 

771-6 

1  of  23-15  grs: 

I 

■ 

2  May   (1) 

do. 

771-6 

do. 

N 

Tin 

0-98  x  1-57 

11  May    (2) 

do. 

771-6 

do. 

N 

do. 

do.    • 

12  Feb.    (1) 

do. 

7716 

do. 

N 

do. 

do. 

12  Apr.    (1) 

do. 

771-6 

do. 

N 

do. 

do. 

15  Mar.  (3) 

do. 

77 1  »: 

Detonating 
string. 

N 

Lead 

1-06  x  1-57 

17  Mar.  (2) 

do. 

771-6 

1  of  23-15  grs. 

N 

do. 

do. 

27  Mar.   (1) 

do. 

771-6 

do. 

N 

do. 

do. 

27  Mar.   (1) 

do. 

771-6 

do. 

N 

do. 

do. 

28  Mar.   (1) 

do. 

771-6 

do. 

N 

do. 

1-26x1-65 

17  Apr.   (2) 

do. 

771-6 

do. 

I 

do. 

1-  IS  x  1-57 

2  May    (1) 

do. 

7716 

do. 

I 

do. 

1-18x1-38 

6  Apr.   (1) 

do. 

771-6 

do. 

I 

Thick 
glass 

17  Apr.   (2) 

Dynamite  45  °/0 

617-3 

do. 

N 

Tin 

0-98x1-57 

1  May    (2) 

Blasting-Gelatine 
(Paulilles) 

771-6 

do. 

1 

do. 

do. 

17  Mar.  (3) 

do. 

771-6 

do. 

I 

Lead 

1-06x1-57 

15  Mar.  (2) 

Gelatine-Dynamite 
(Paulilles) 

771-6 

do. 

N 

do. 

d   . 

15  Mar.  (3) 

do. 

771-6 

do. 

N 

do. 

do. 

20  Apr.   (2) 

Ammonia  Dynamite 
(Paulilles) 

771-6 

do. 

N 

Tin 

0-98  x  1-57 

20  Apr.   (3) 

do. 

771-6 

do. 

N 

20  Apr.    (1) 

Dynamite  No.  2 
(Paulilles) 

771-6 

do. 

N 

do. 

0-98x1-77 

12  Apr.   (2) 

Dynamite  No.  3 
(Paulilles) 

771-6 

do. 

N 

do. 

do. 

2  May   (2) 

Mining  Gun-cotton. 

925-9 

do. 

N 

Lead 

1-26x1-65 

2  May  (2) 

do. 

771-6 

do. 

N 

do. 

1-18x1-38 

9  May   (2) 

(In. 

463-0 

do. 

N 

do. 

do. 

11  May    (2) 

do. 

463-0 

do. 

N 

do. 

do. 

28  Dec.  (1) 

do. 

i 

463-0 

do. 

N 

Carta 

idge  in  hoi 

e  drilled  in  block  of 
wood. 
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Dates. 

Nature  of 
Explosive. 

V- 

fcJ 

Number  and 

Size  of 
Detonators. 

+3 

-    33 

o    . 

Internal 

and 
External 
Diameters 
of  Tube. 

Remarks. 

Grs. 

Inches. 

16  May 

(1) 

Bellite 

771-6 

1  of  23-15  grs. 

N 

Lead 

1-18  x  1'38 

Pressure  =  15-75  in. 
of  water  (about). 

6  Apr. 

(2) 

Favier  Explosive 

925-9 

do. 

N 

do. 

1-06x1-57 

Detonation  very 
doubtful. 

6  Apr. 

(2) 

do. 

925-9 

do. 

N 

Tin 

0-98x1-57 

do. 

1  May  (3) 

do. 

925-9 

do. 

N 

do. 

do. 

do. 

14  Apr. 

(1) 

do. 

925-9 

1  of  30-86  grs. 

N 

Lead 

1-18  x  1-57 

do. 

14  Apr. 

(1) 

do. 

925-9 

1  ef  77-16  grs. 

N 

do. 

do. 

Detonation  very 
doubtful.  Pres- 
sure = about  4-72 
in.  of  water. 

9  May 

(2) 

Gun-cotton,     with 
10  °/0  of  Paraffin 

540-1 

1  of  23- 15  grs. 

N 

Tin 

C-98X1-57 

Pressure  about  7-87 
in.  of  water. 

9  May 

11) 

Gun-cotton,     with 
Nitrate  of  Barium 
(Moulin-Blanc) 

463-0 

do. 

S 

Lead 

1-18  x  1-38 

Experiments  on  the  Influence  of  the  Density  of  Charging. 


27  Mar. 

(1) 

Dynamite  No.  1 
(Vonges) 

771-6 

1  Of  23- 15  grs. 

N 

Lead 

1-06x1-57 

27  Mar. 

(1) 

do. 

463-0 

do. 

I 

do. 

do. 

Dynamite  in  inter- 
nal glass  tube. 

12  Mar. 

(3) 

do. 

463-0 

do. 

I 

do. 

do. 

do. 

14  Mar. 

(3) 

do. 

463-0 

do. 

I 

do. 

do. 

do. 

11  May 

(2) 

do. 

463-0 

do. 

N 

Tin 

0-98x1-57 

do. 

11  May 

(3) 

do. 

463-0 

do. 

N 

do. 

do. 

do. 

1  May 

(1) 

do. 

771-6 

do. 

I 

Lead 

1-26x1-65 

Dynamite  not 
rammed. 

24  Apr. 

(1) 

do. 

771-6 

do. 

N 

do. 

do. 

Dynamite  rammed. 

17  Mar. 

(2) 

do. 

463-0 

do. 

I 

do. 

1-18x1-57 

Round  tube. 

17  Mar. 

(2) 

do. 

463-0 

do. 

N 

do. 

do. 

Flattened  tube. 

Experiments 

on  Ignition  of  Explosives  by  Fuse. 

15  Mar.  (2) 

Dynamite  No.  1 
(Vonges) 

771-6 

Wire    heated 
red  by  elec- 
tric current 

N 

Lead 

1-06  x  1-57 

Ignition  by  red-hot 

wire. 

15  Mar.  (2) 

do. 

771-6 

do. 

N 

do. 

do. 

do. 

2  May   (2) 

do. 

771-6 

Bickfoi  d  fuse 
pushed  into 
cartridge 

N 

Tin 

0-98  x  1-57 

20  Mar.  (2) 

do. 

771-6 

Bickford  fuse 
thrust    into 
cartridge 
carrying  1 
detonator  of 
23-15  grs.  at 
its  end. 

I 

do. 

do. 
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M° 

<►. 

Internal 

Nature  "1 

Explosive. 

Ntunbei  and 

Size  i>| 

♦j  ~ 

4>    0> 

and 

Remarks. 

s.  ~ 

Detonators. 

5  - 

■^^ 

pi  c 

£ 

of  Tube. 

Experiments  on  Ignition  of  Explosives  by  Fuse—  Continued. 


Grs. 

Inches. 

3  May   (2) 

Mining  Gun-cotton. 

2315 

Bickford  fuse 

I 

Cotto 

n  placed  o 

n  the  fuse  without 
covering. 

3  May  (2) 

do. 

771m; 

do. 

N 

Tin 

0-98X1-57 

3  May   (2) 

do. 

771-6 

do. 

N 

do. 

do. 

2  May   (2) 

do. 

771-6 

do. 

N 

do. 

do. 

2  May   (2) 

do. 

925-9 

Bickford  fuse 
thrust  into 
cartridge 
carrying  1  de- 
tonator of  23-15 
grs.  at  its  end. 

N 

do. 

do. 

4  May 

do. 

Cotton  placed  unconfined,  at  the  bottom  of  lead  tube,  and 
ignited  by  the  Bickford  fuse,  burnt  without  emitting  flame. 

4  May 

do. 

In  the  same  experiment  the  cotton  burnt  with  flame. 

IV.     EXPERIMENTS  ON  THE  SETTLE  CARTRIDGES. 
The  explosive  cartridges  are  placed  in  the  midst  of  an  impermeable  paper  tube  filled 

with  water. 


15  Mar.  (3) 
9  Dec.  (2) 

27  June  (1) 

Blasting  Powder 

(in  round  hole) 

Dynamite  No.  1 

(Vonges) 

do. 

370-4 
771-6 

771-6 

1  of  23-15 grs. 
do. 

do. 

I 

N 

I 

V.    EXPERIMENTS  WITH  COAL  DUSTS. 


14  Apr.   (3) 

17  Apr.   (1) 
1  June  (5) 

24  Apr. 
24  Apr. 
24  Apr. 


Dynamite  No.  1 
(Vonges) 

do. 

Pyroxyline  Powder 


Dynamite  No.  1 
(Vonges) 


do. 


1  of  2315  grs.     N      Cartridge  in  tin  tube  0-98  in.  by  1-57 
in.  Stemmed  with  5-12  inches  of 
Blanzy  coal  dust. 
771-6  do.  N  do. 

do.  N      Cartridge    placed  inside  a    Settle 

bag  filled  with  Blanzy  coal  dust. 

A  cartridge  of  1,543-2  grains  of  Dynamite  No.  1,  enveloped  with 
coal  dust,  exploding  unconfined,  by  a  detonator  of  23-15 
grains,  did  not  ignite  the  dust. 

A  cartridge  of  1,543-2  grains  of  Dynamite  No.  1,  enveloped  with 
coal  dust,  and  kindled  unconfined  with  Bickford  fuse, 
ignited  the  dust. 

A  cartridge  of  771-6  grains,  placed  in  a  Settle  bag  filled  with  coal 
dust,  and  exploded  by  a  detonator  of  23-15  grains,  gives 
exactly  the  same  pressure  (in  inches  of  water)  as  a  naked 
dynamite  cartridge  of  the  same  weight. 
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VI.     EXPERIMENTS  ON  DETONATION  IN  THE  CLOSED  BOILER. 


Dates. 

Nature  of 
Explosive. 

Method  of  using  the 
Explosive. 

o  9 
60,2 

1% 

Number  and 

Size  of 
Detonators. 

Initial  pressure 

developed  by 

the  Detonation 

Inches  of  water. 

Grs. 

28  April 

Dynamite  No.  1  (Vonges) 

Exposed  cartridge 

771-6 

1  of  23-15  grs. 

32-68 

28  April 

do. 

Stemmed  in  tin  tube  0-98  in. 
by  1-57  in. 

771-6 

do. 

20-67 

28  April 

do. 

Stemmed  in  lead  tube  1-26  in. 
by  1*66  in. 

7716 

do. 

18-11 

8  June 

do. 

Stemmed  in  lead  tube  1-18  in. 
by  1-38  in. 

771-6 

do. 

22-24 

28  April 

do. 

In  thin  glass  tube  -55  in. 
ext.  diani. 

401-2 

do. 

16-54 

28  April 

do. 

Thin  glass  tube  inside  tin 
tube  098  in.  by  1-57  in. 

401-2 

do. 

12-99 

25  May 

Blasting  gelatine  (Paulilles) 

Exposed. 

617-3 

do. 

22-05 

25  May 

do. 

do. 

771-6 

do. 

27-17 

25  May 

do. 

do. 

771-6 

do. 

27-56 

25  May 

do. 

In  tin  tube  0-98  in.  by  1-57  in. 

771-6 

do. 

24-41 

25  May 

Military  Gun-cotton 

Exposed. 

771-6 

do. 

28-35 

25  May 

do. 

do. 

771-6 

do. 

28-35 

25  May 

Mining  Gun-cotton 

do. 

771-6 

do. 

25  May 

do. 

do. 

771-6 

do. 

58-27(?) 

4  June 

Bellite 

do. 

771-6 

2  of  23-15  grs. 

9-84 

8  June 

do. 

do. 

771-6 

do. 

13-39 

8  June 

do. 

do. 

771-6 

1  of  23-15  grs. 

11-02 

8  June 

do. 

In  tin  tube  0-98  in.  by  1-57  in. 

771-6 

2  of  23-15  grs. 

20-08 

4  June 

do. 

In  lead  tube  1-18  in.  by  1-38  in. 

771-6 

1  of  23- 15  grs. 

18-5D 

9  May 

Pyroxyline  powder 

Exposed. 

1003-1 

do. 

24-02 

25  May 

do. 

do. 

771-6 

do. 

20-47 

25  May 

do. 

do. 

771-6 

do. 

17-52 

8  June 

do. 

do. 

771-6 

do. 

23-62 

8  June 

do. 

In  tiu  tube  0-98  in.  by  1-57  in. 

771-6 

do. 

18-50 

28  May 

Cotton  with  nitrate  of 
barium 

Exposed. 

771-6 

do. 

27-56 

8  June 

Cotton  and  nitrate  soda 
in  equal  parts 

do. 

771-6 

do. 

20-47 

8  June 

30  Military  cotton 
70  Nitrate  of  ammonia 

do. 

771-6 

do. 

18-11 

18  June 

(      90  Cotton  (=  -68)      } 

do. 

463-0 

do. 

37-01 

18  June 

( 10  Nitrate  of  ammonia  ) 

In  tin  tube  0-98;in.  by  1-57  in. 

463-0 

do. 

9-05 

23  June 

(       80  Cotton(=  -68)       } 

Exposed. 

463-0 

do. 

24-80 

23  Juue 

(  20  Nitrate  of  ammonia  ) 

In  tin  tube  0-98  in.  by  1-57  in. 

463-0 

do. 

11-02 

')0 
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VI,      EXPERIMENTS   ON    DETONATION    in    I'lIK  CLOSED   liOILER— Continued. 


Dates. 

Nature  of 
Exploaivi . 

Method  oi  using  t lif- 
ESxplosive. 

Number  and 
Bize  ni 
ators. 

Initial  pressure 
developed  by 
■   nation. 

I                 '  Water. 

(jr.s. 

23  •' uu> 

(      60  Cotton  (     -68)     1 

Exposed. 

463-0 

1  of  23-15  grs 

13-78 

?:>  June 

(  40  Nitrate  "t  ammonia  j 

In  tin  tube  0*98  in.  by  157  in. 

4630 

do. 

11-81 

23  Jane 

1       30  Cotton  (-  -68)      } 

(  65  Nitrate  of  ammonia) 

Exposed. 

771-0 

do. 

16-03 

:<  June 

f       25  Cotton  (-    -68)      ) 
(  76  Nitrate  of  ammonia  ) 

Exposed. 

771-6 

8  of  38*15  gn. 

10  14 

9  .June 

C         or  Dynamite         ] 

Exposed. 

771-0 

IE  gn. 

20*87 

9  June 

(.      33  Sal-ammoniac      j 

In  till  tube  o:is  in.  i, 

771-8 

do. 

16-54 

\l  Julie 

(         oo  Dynamite         J 

ExpOSei  1. 

771-6 

do. 

17-32 

;i  June 

(      10  Sal-ammoniac      ) 

Iii  till  tube  0-98  in.  by  1-57  in. 

771-6 

do. 

14-57 

9  June 

(           50  Dynamite           "j 

Exposed. 

771-6 

do. 

10-54 

9  June 

(      50  Sal-ammoniac      ) 

In  tin  tube  0-9S  in.  by  1-57  in. 

771-6 

do. 

14-57 

0  June 

(           07  Dynamite          1 

Exposed. 

771-6 

do. 

1752 

9  June 

(     33  Ammonia-alum     ) 

In  tin  tube  0-98  in.  by  1-57  in. 

771-6 

do. 

14-96 

is  May 

(           20  Dynamite           \ 

Exposed. 

771-6 

do. 

9-45 

18  May 

(  SO  Nitrate  of  ammonia  j 

In  tin  tube  0-9S  in.  by  1*67  in. 

771-6 

do. 

11-02 
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NOTE  A. 

ON  THE  CALCULATION  OF  THE  TEMPERATURES  OF  DETONATION 
AND  THE  POWER  OF  EXPLOSIVES. 


By  Messrs.  Mallard  and  Le  Chatelier. 


THEORETICAL  CALCULATION  OF  THE  TEMPERATURE  OF  DETONATION. 

If  C  is  the  specific  heat  under  constant  volume  averaged  between  0°  and  f  of 
the  gaseous  products  of  the  detonation  of  a  certain  weight  of  an  explosive  ;  if  Q  is 
the  heat  of  decomposition  corresponding  to  that  weight,  and  to  the  mode  of  decom- 
position realised  on  detonation,  the  temperature  t  is  given  by  the  formula, 

(1)  C*  =  Q. 

The  specific  heat  C  is  not  constant  at  all  temperatures  as  has  been  shewn  by  the 
experiments  of  Messrs.  Berthelot  and  Vieille  (*),  and  our  own  (+). 

If  it  be  assumed  that  the  value  of  C,  at  any  temperature,  is  represented  by  a 
linear  expression 

(2)  C  =  a  +  b  t, 
the  preceding  equation  becomes 

a  t  +  b  t2  =  Q. 
To  ascertain  t  ;  a,  b,  and  Q,  must  be  ascertained,  which  supposes  that  the  law 
of  decomposition  is  known.  This  hypothesis  being  realised,  the  numerous  researches 
of  Messrs.  Berthelot,  Sarrau,  and  Vieille  will  determine  Q.  As  regards  a  and  b, 
the  decomposition  of  the  explosives  usually  producing  condensible  gases  such  as 
C02  and  H20,  and  non-condensible  or  perfect  gases,  such  as  CO,  HC1,  and  the 
elementary  gases ;  they  can  be  deduced  from  the  experiments,  given  in  the 
memoir  already  quoted  from  the  specific  molecular  beats  of  these  gases,  under 
constant  volume  and  the  mean  temperature  between  0°  and  t°.  These  expressions 
are  in  little  calories  (gramme-degree  C). 

ForCOa(J)  C  =  626  +  00037  t, 

ForHaO C  =  561  +  0-0033  <, 

For  the  perfect  gases     C  =  4'80  +  0"0006  t. 

If  the  equivalent  weight  S'  of  the  explosive  is  decomposed  according  to  the 
formula 

a  CO,  +  y  H20  +  A  P 
P  representing  one  molecule  of  a  perfect  gas,  the  co-efficients  a  and  b  of  equation  (2) 
will  be  respectively 

a  =  6-26  a  +  5-61  0  +  4*8  A. 
b  =  0-0037  a  +  00033  0  +  0  0006  A; 
(*>  Comptes  Rendus,  volume  98  (1884). 
(t)  Comptes  Rendus,  volume  92  (1882),  and  Ann.  des  mines,  8th  series,  volume  4  (1883). 

(t)  Different  expressions  all  giving  the  same  value  at  2,000  degs.  (C)  have  been  proposed  for  the 
specific  heat  of  carbonic  acid.  Preference  has  been  given  to  the  linear  expression  which  leads 
to  the  simplest  calculations. 
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and  if  Q  is  the  heat  of  decomposition  of  the  weight  o>,   the  temperature  t  will 
be  found  by  the  formula 

.  _  —  a  +  J  a?  +  4  b  Q 


(3) 


26 


FORMULA  OF  CLAUSIUS. — CO-VOLUMES. 

Clausius    shewed   that   the  pressure    P,    the    volume    V,    and    the    absolute 
temperature  T,   of  a  gas  which  occupies  the  volume  v9   under  the  pressure  pQ 
at  the  absolute  temperature  273  degs.  (C),  may  be  connected  by  the  formula 
r_P_ 
Po 


(i+„y]  £-)-£. 


which,  with  the  very  high  temperatures  and  pressures  now  being  considered,  can  be 

V 
materially  reduced,  provided  that  —  be  not  too  small,  to 


(i) 


-  (--»)  = 


273 


The  co- volume  is  obtained  for  a  very  small  number  of  gases,  by  the  mathematical 
deductions  which  Mr.  Sarrau  has  drawn  from  the  experiments  of  Mr.  Amagat  (*). 
He  obtained  the  following  values  : — 

Hydrogen  0-000887 


Nitrogen  ... 
Oxygen    ... 
Carbonic  acid 
Marsh  gas 
Ethylene... 


0-001359 
0-000890 
0  000866 
0-001091 
0-000967 


It  is  remarkable  that  with  gases  so  different  in  all  their  properties  as  hydrogen 
and  carbonic  acid  for  example,  the  values  of  u  are  so  closely  approximate.  This 
naturally  leads  to  the  conclusion,  as  Mr.  Bouty  remarks  (t)  that  the  co-volumes  of 
all  the  gases  are  identical.  Indeed  the  co-efficient  u  is  difficult  enough  to  calculate, 
owing  to  the  numerous  experiments.  The  best  proof  is  that  Mr.  Sarrau,  using 
the  experiments  of  Mr.  Amagat,  found  for  carbonic  acid  u  —  -O0OS66,  and  later 
when  he  took  into  account  the  experiments  of  Regnault  on  saturated  steam,  and 
of  Messrs.  Cailletet  and  Hautefeuille  on  the  density  of  liquid  carbonic  acid,  he  has 
admitted  u  =  0 '001 15  (J)  which  approximates  but  on  the  opposite  side  to  the 
average  0*00101  of  the  six  values  of  u  for  different  gases  deduced  from  the 
experiments  of  Mr.  Amagat. 

Doubtless  it  will  not  be  far  from  the  truth  to  assume  that  u  has  the  same 
value  for  all  gases  ;  and  to  take  that  value  as  equal  to  0*001  ■  This  assumption  is 
adopted  in  the  following  calculations. 


CALCULATION  OF  THE  EXPLOSIVE  FORCE. 

According  to  formula  (1) — 

1  033  vn  T 


(2) 


P(V  — ttt>0) 


273 


P  being  expressed  in  kilogrammes  per  square  centimetre. 

(*)  Comptes  Rendus,  volume  94,  pp.  639,  718,  845  (1882). 

(t)  Jamin  and  Bouty,  Cours  de  Physique,  Complement,  p.  103. 

(})  Comptes  Rendus,  volume  101  p.  1,145  (1885). 
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If  the  gas  considered  possesses  the  weight  to)  its  density  A  will  be,  A  =  — ,  which 
gives 

w 
V  =  — . 
A 

In   the  experiments  on  the   pressures   developed  by  explosives,    A   has   been 
called  the  density  of  charging. 
Introducing  this  value  of  V  into  (2)  it  becomes — 

P  /  a.  \_r033w0  T 


(i--M*o)  = 


or  P  = 

or,  lastly, 

(3)  P  = 
supposing 

(4)  /  = 

(5)  a     = 


273 

1-033  v0T 
273  w  v  A 

1-^L-OA 


/A 
1  —  a  A' 


1  033  v0  T 
273  w     ' 

u  vn 


The  two  co-efficients/ and  a  are  characteristics  of  each  explosive;  or  in  simpler 
terms, /is  the  explosive  force  of  the  explosive,  and  a  is  its  co-volume. 


MODE  OF  DECOMPOSITION  OF  AN  EXPLOSIVE. 

The  mode  of  decomposition  of  an  explosive,  under  the  influence  of  detonation, 
is  only  known  with  certainty  when  this  explosive  contains  enough  oxygen  to 
completely  burn  off  the  combustible  elements  C  and  H,  which  enter  into  its  com- 
position. The  following  are  included  in  this  class ;  nitro-glycerine  C3H5N309, 
nitromannite  C6H3N6018,  nitrate  of  ammonia  N203H4,  and  certain  mixtures 
formed  of  two  substances,  the  oxygen  in  excess  in  one  of  which  is  sufficient  to 
completely  burn  the  carbon  and  hydrogen  of  the  other  ;  such  as  the  mixture  of 
endecanitric  cotton  and  nitrate  of  ammonia  C24H29Nn042  +  20*5  N203H4.  It  is 
sufficient  then  to  admit  that  the  explosion  produces  the  complete  decomposition  of 
the  two  substances,  and  that  the  subsequent  reaction  lead  to  the  complete  com- 
bustion of  the  dual  explosive.  These  assumptions  will  be  found  generally  correct, 
at  least  in  the  case  of  confined  explosion. 

When  the  explosive  does  not  contain  enough  oxygen  for  its  complete  combustion, 
but  still  contains  more  of  it  than  the  quantity  required  for  the  combustion  of  C  to 
the  state  of  CO,  it  may  be  assumed  that  after  detonation  it  only  forms  oxygen 
compounds,  that  all  the  carbon  burns  to  CO,  and  that  there  is  a  certain  division  of 
the  remaining  oxygen  between  the  CO  and  hydrogen. 

The  consequences  which  this  hypothesis  entails  will  now  be  examined. 

If  the  explosive  is  represented  by  the  formula  Cp  H.2q  Or  N2S>  the  law  of  its 
decomposition  will  be  expressed  in  a  general  manner  by 

a  C02  +   j8  CO  +  y  H„  0  +  5  H2  +  s  N2. 
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The  following  equations  may  be  then  admitted  : — 
a  +  J8  =  p, 

7  +  5  =  q, 
2a  +  j8  +  y  =  r; 
hence  a  =  r  —  p  —  7  +  5, 

$  —  2p  +  q  —  r  —  9, 

7  =  7  —  5; 
whence  it  may  be  concluded  : — 

1.  That  the  volume  of  the  gases  formed  at  0"  is  constant,  whatever  may  be 
the  mode  of  decomposition,  and  equal  to 

v  =  (p  +  q  +  8)  x  22-32  litres  ; 

2.  That  the  sum  of  the  volumes  of  the  perfect  gases  CO,  H.,,N2,  is  also  constant, 
and  equal  to 

{2p  +  ij  —  r  +  s)  x  22'32  litres  ; 

3.  That  the  quantity  of  heat  at  a  constant  volume  Qg  (water  gaseous)  disengaged 
by  the  decomposition,  calling  F  the  heat  of  the  formation  of  the  substance 
from  its  elements,  is 

Qg  =  68-2  r  -  41-9  p  —  9-5  </  +  10  5  +  0-54  a  —  F, 
or,  A  being  a  constant  independent  of  the  mode  of  decomposition 

Qg  =  A  +  10  5. 

The  heat  of  decomposition  (water  liquid)  is 

Q,  =  A  —  0-8  5, 
almost  independent  of  5,  that  is  to  say,  of  the  mode  of  decomposition. 

As  5  cannot  be  negative,  there  is  a  maximum  value  of  5,  which  is  the  least  of 
the  two  quantities  q  and  2  p  +  q  —  r,  and  a  minimum  value,  which  is  either  zero 
or  r  —  p  —  q,  if  that  expression  is  negative. 

In  the  absence  of  exact  experiments  almost  impossible  to  make,  on  account  of 
the  reactions  put  into  play  during  the  cooling,  the  variable  5  may  be  assumed  to 
have  an  average  value  between  the  maximum  and  minimum.  Thus  the  mode  of 
decomposition  would  be  fixed. 

All  these  preceding  remarks  rest  on  the  hypothesis  that  the  products  of  decom- 
position are  simply  the  products  of  oxidation,  and  that  there  is  no  formation, 
during  the  detonation,  of  hydro-carbons,  such  as  marsh  gas  CH4,  acetylene  C2  EL,, 
etc.,  or  any  other  compound. 

Messrs.  Sarrau  and  Vieille,  in  their  profound  researches  on  the  decomposition  of 
explosives  (*),  have  indeed  found  that  the  gases  remaining  within  the  bomb,  after 
the  detonation  of  endecanitiic  cotton,  are  almost  exclusively  formed  of  oxides,  for 
densities  of  cha  rging,  varying  from  '0098  to  '3 ;  fire-damp  appeared  only  in 
extremely  small  quantity  for  a  density  of  charging  of  '3. 

They  admit,  that  for  the  usual  densities  of  charging,  the  decomposition  of 
endecanitric  cotton  should  be,  according  to  the  formula 

12  CO,  +  12  CO  +  6  H,  O  +  8-5  H2  +  5'5  N2. 

Ou  the  other  hand,  they  have  found  that  for  cottons  less  nitrated,  there  are 
found  in  the  products  of  decomposition  after  the  explosion,  notable  quantities  of 
marsh  gas,  and  even,  with  cotton  of  three  equivalents  of  nitrogen  (and  17  equivalents 
of  hydrogen),  cyanogen  and  ammonia. 

Unfortunately  these  results,  interesting  as  they  may  be,  do  not  give  with  any 
certainty  what  is  important  to  be  known,  that  is  to  say,  the  composition  of 
the  gases  at  the  moment  of  explosion,  whose  composition  has  only  to  be  taken 
into  account  in  calculating  the  heat  of  decomposition,  the  temperature  of 
decomposition,  and  the  co-  efficients  /and  a. 

(*)  Memorial  des  poudres  et  saltpetres.    Volume  II.  p.  126. 
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Indeed,  the  analyses  can  only  be  made  after  cooling,  that  is  to  say,  at  a  moment 
when  the  complex  ulterior  reactions  may  have  modified  the  nature  of  the  products, 
more  or  less  materially. 

In  the  absence  of  any  positive  indications,  those  which  result  from  the  hypotheses 
just  mentioned,  and  which  do  not  appear  to  be  far  removed  from  reality,  at 
least  for  highly  nitrated  cottons,  picric  acid,  &c,  may  be  adopted. 


MODE  OF  DECOMPOSITION  OF  NITRIC  COTTON. 

It  will  be  by  no  means  useless  to  examine  more  closely  the  special  application 
of  these  hypotheses  to  nitric  cottons,  on  account  of  the  importance  of  these 
explosives. 

The  composition  of  any  nitric  cotton  may  be  represented  by 

^24  -"40— n  JN11     U20    +   an. 

The  maximum  value  of  n  will  be  12  ;  in  practice  n  does  not  surpass  11. 

Usually  gun-cottons  are  classified  according  to  the  volume  (in  cubic  centimetres) 
of  nitrogen  di-oxide  given  off  per  gramme,  in  the  analysis  by  the  Schlcesing 
process.  The  following  is  the  relation  between  this  volume  and  the  number  n  of 
the  preceding  formula. 

Endecanitric  Cotton 


Decanitric 

do. 

Nononitric 

do. 

Octonicric 

do. 

Heptanitric 

do. 

Hexanitric 

do. 

Pentanitric 

do. 

Tetranitric 

do. 

n 
11 

Volume  of 

N02  in  c.c. 

214 

10 

203 

9 

190 

8 

178 

7 

162 

6 

146 

5 

128 

4 

108 

In  these  calculations  use  has  been  made  of  the  experimental  results  given  by 
Messrs.  Sarrau  and  Vieille  for  the  combustion  of  endecanitric  cotton.  They  found 
that  with  a  charging  density  of  0'023  and  the  formula  of  decomposition  being 

15  CO  +  9  C02  +  5-5  H2  +  9  H,  0  +  5'5  N2, 
the  reaction  disengages  1,230  calories  (liquid  water),  which  give3  for  the   heat  of 
formation  of  gun-cotton,  from  its  gaseous  elements 

P  =  +  624. 
Mr.  Berthelot,  on  the  other  hand,  has  found,  by  fixing  11  equivalents  of  nitric  acid 
to  the  cotton,  according  to  the  formula 

CMH40  O20  +  11  NO3H-II  H20, 
it  gives  off  a  quantity  of  heat  equal  to  125 '4.      That  gives  for  the   formation  heat 
(A)  of  cotton  C^  H40  O20, 

A  +  11  x  461— 11   x  69  +  125-4  =  624, 
whence  A  =  800. 

The  heat  of  formation  of  a  cotton  containing  n  equivalents  of  nitrogen  will  be 
Fn  =  800  +  41 -6«  —  69«  +  11 -4n, 
or  Fu  =  800  —  16re. 

Nevertheless,  it  must  be  remarked  that  these  numbers  do  not  agree  with  the 
figures  found  two  years  ago,  by  Messrs.  Berthelot  and  Vieille,  for  the  heat  of 
formation  of  cellulose,  by  the  reliable  method  of  combustion  in  oxygen.  They 
found  for  C6  H10  05  =  162  grammes,  A  =  227 '2,  whence  it  may  be  calculated 
for  C..J4  H40  O20,  A  =  908  instead  of  800.  It  may  also  be  deduced  that  the  heat 
of  formation  of  endecanitric  cotton  is  732  instead  of  624. 


62  FRENCH  COMMISSION  — REPORT  ON  THE 

Only  new  experiments  can  cause  this  discordance  to  disappear,  and  the  cause 
cannot  be  sought  in  an  error  in  the  analysis  of  the  product*  of  the  decomposition 
of  endecanitric  cellulose,  under  a  density  of  charging  of  0023.  The  (|uantity  of 
heat  Q  (water  liquid)  corresponding  to  a  simple  oxidation  of  the  carbon  and  of  the 
oxygen  may  be  easily  found  by  the  following  equation  : — 

a  CO,  +  /3  CO  +  7  H,0  +  5  H,  +  i  N, ; 
Q  =  1,858-4— 0-8  8        !■'. 

If  Q  =  1,230,  and  F  =  732,  it  becomes 

1,858-4— 0-8  5  =  1,962, 
an  impossible  equation,  whatever  5  may  be.     It  will,  therefore,  be  necessary  to 
assume  another  reaction,  such  as  a  combination  of  carbon  with  hydrogen,   which 
has  not  been  ascertained  by  observation. 

However  this  may  be,  if  the  numbers  of  Messrs.  Sarrau  and  Vieille  be  adopted,  as 
well  as  the  heat  of  substitution  of  nitric  acid  given  by  Mr.  Berthelot ;  if  the 
exclusive  formation  of  oxidised  products,  and  a  formula  of  decomposition  a  mean 
between  those  which  correspond  to  the  minimum  and  maximum  of  free  hydrogen 
be  adopted,  the  formula  of  decomposition  of  a  cellulose  containing  n  equivalents  of 
nitrogen  may  be  assumed  to  be 

a  CO,  +  0  CO  +  7  H,0  +  SH3  +~  N„ 
when 


-  24 

5ra 

+  "2  + 

5, 

=  48 

5« 
2~ 

-5, 

-  20 

n 
~~2 

5. 

The  heat  of  decomposition  under  constant  volume  Q  (water  gaseous)  is 

Q  =  157-4/1  —  631  +  10  5. 
The  volume  V  of  the  gases  supplied  by  the  reaction  is  constant,  whatever  n  and  8 
may  be,  and  is  equal  to 

V  =  44  x  22-32. 


TABLE  OF  THE  Ti-MPERATURES  OF  DETONATION  AND  EXPLOSIVE  FORCES  OF  VARIOUS 

EXPLOSIVES. 

The  following  table  has  been  calculated,  starting  with  the  assumptions  and 
hypothesis,  which  have  just  been  explained. 

The  factors  have  been  constantly  designated  as  follows  : — 
Q,      the  heat  disengaged  by  the  decomposition  of  the  equivalent,  the  water  being 

supposed  gaseous;  expressed  in  large  calorics  (kilogramme  -degree  C) ; 
Qk,    the  same  heat  for  one  kilogramme  ; 

F,      the  heat  of  combination  of  the  equivalent  from  the  elements  ; 
a>,      the  weight,  in  kilogrammes,  of  the  portion  of  the  equivalent,  reduced  to  gases 

by  the  detonation  ; 
o>',     the  total  weight  of  the  explosive  ; 
v0,     the  volume,  in  litres,  of  the  gases  formed  by  the  detonation,  reduced  to  0°C  and 

760  mm.  pressure  ; 
t,       the  temperature  of  detonation  ; 

w 

A',      the  apparent  density  of  charging,  i.e.,  the  ratio ,  between  the  weight  of  the 

V 
equivalent   and    the    volume   that   the   internal  tube  would  have,    if  the 
charge  which  it  contains  were  one  equivalent ; 
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A,  the  actual  density  of  charging.  ?>.,  the  ratio  between  the  weight  co,  of  the  gases 
formed,  and  the  volume  V  occupied  by  these  gases  in  the  internal  tube. 
If  v  is  the  volume  of  the  solid  matters,  entering  into  the  composition  of  the 
explosive,  or  formed  by  its  detonation,  then 


P, 


a' 
the  pressure  in  kilogrammes  per  square  centimetre,  produced  by  the  decom- 
position of   the  explosive  in   a  closed  vessel,  under  the  apparent  density 
of  charging  A  (*)  ; 
the  force  of  the  explosive  given  by  the  equation 
f  =   1-033  v0  (t  -f  273)  . 
273  co  ; 

the  co-volume  represented  by  the  expression — ,  in   which   u  is  assumed 

constant,  and  =  0*001. 


Q 

Q* 

t 

f 

a 

A' 

P 

P 

A 

A.— SIMPLE  EXPLOSIVES. 

I. — Dtxamite  (75  PER  I  EXT). 
2  CsH5Ns08  =6C02t5H20h-0  +  3  X2,  u>  =  454,     »'  =  605. 


6712 

1,109 

2,940' 

8,490 

0-71 

03 

2,279  (+) 

— 

II. — NlTRATE  OF  AMMOXIA. 

X,H403  =  N2  +  O  +  2  H20,    co  =  80. 


30  4 

380 

1,130' 

5,180 

0-976 

0-2(J) 

0-3 

0-4 

1,376 
2.319 
3,560 

6,880 
7,730 
8,900 

III. — Picric  Acld. 
2  C6H3N307  =  CO.,  +  fl20  +  11  CO  +  2H2 


3N- 


=  458. 


347-5  (  ) 

759 

2,620° 

9,600 

0-S77 

01 
0-2 

03 
04 

927  (§) 

1,744 
(  3,549  )  g. 
)  3.500  (  r-Z 
1  3,510  (  ?5 
[3,456  )<" 

5,467 

(*)  These  experimental  figures  are  published  in  the  experiments  of  Messrs.  Sarrau  and  Vieille. 
(t)  Sarrau  and  Vieille.—  Memoire  sur  les  manometres  a  ecrasement  (Memorial  des  poudres  et 
saltpetres,  Vol.  I.,  page  415).    The  movement  650  observed  with  a  piston  of  four  kilogrammes  has 
been  taken,  thence  P  has  been  deduced  by  the  formula  P=  541  - 

9 

(X)  Report  on  the  Favier  explosive  made  to  the  Explosive  Substances  Commission,  by  Mr.  Vieille 
7th  July,  1887. 

(I)  Deduced  from  the  heat  of  formation  F  =  +  98-2. 

(§)  These  figures  have  been  supplied  by  Messrs.  Sarrau  and  Vieille  ;  they  have  been  only  imper- 
fectly published  in  the  Comptes  Bendus,  Vol.  TV.,  page  1,223,  (1887). 


hi 
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Q 

Q* 

t 

f 

a 

A' 

P 

P 
A 

IV. — Gun -Cottons. 

1. — Endecanitric  Cotton. 
C24  H2U  Nu  O4.,  =  10-75  C02+ 13-25  CO  +  725  H20  +  725  H2  +  5-5  N„  a,  =  l,143. 


1,1723 

1,026 

2,650° 

9,490 

0  86 

— 

— 

— 

By  the  formula  of  Messrs.  Sarrau  and  Vieille 

12  C02  +  12  CO  +  6  H20  +  8-5  H.,  +  55  X.. 


1,184-8 

1,037 

2,660° 

9,530 

0-86 

0-1  (*) 
02 
03 
0  4 

942 
2,039 
3,927 
5,430 

9,420 
10,190 
13,090 
13,570 

2. — Octonitric  Cotton. 
GaHsjNaOa,  =  6  CO,  +  IS  CO  +  6  H20  +  10  H2  +  4  N2,    w  =  1,003. 


727  6 

722 

2,064° 

8,630 

0974 

— 

— 

— 

V. — NlTROMANNITE. 

C6H8N60ls  =  6  CO.,  +  4  H20  +  3  N2  +  02,  «  =  452  grammes. 


55-4 

1,450 

3,250° 

9,210 

0-691         01 
0  2 

1,481  (+) 

2,585 

— 

B.— DUAL  EXPLOSIVES. 
I. — Bellite  =  SO  Nitrate  of  Ammonia  +  20  Dinitro-Benzol. 
The  formula  0-175  binitro-benzine   +   0-825  nitrate  has  been  adopted,  which 
allows  sufficient  oxygen  for  complete  combustion. 

C6H4  (N02)2  +  10  N2H403  =  11  N2  +  22  H20  +  6  C02.  w  =  968  grammes. 


973  8 

1,006 

2,190° 

S,000 

0-869 

— 

— 

— 

II. — The  Favier  Explosive. 
21-5N2H403  +  C10HrNOa,»  =  1,893. 


1,831-7 


2,120° 


S,400 


0-926 


0-2 
0-3 


1,886 

2,253  \  2,051 
2,014 


(*)  Memorial  des poudres,  &c,  Vol.  II.,  page  8  (1885).    Berthelot  and  Vieille,  "Surles  proprietes 

explosives  du  fulminate  de  mercure." 

p 
(t)  These  two  numbers,  the  second  of  which  gives  a  ratio——,  less  than  the  density  0-2  than  to 

the  density  0-1,  are  inconsistent.     The  very  shattering  character  of  nitromannite  has,  doubtless, 
falsified  the  observations. 
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Q 

Q* 

t 

f 

a 

A' 

P 

P 
A 

III. — Mixtures  of  Dynamite  and  Nitrate  of  Ammonia  (*).  ' 
2C3H6N30,  +  raN2H403  +  151  grammes  silica 

=  6  C02  +  (5  +  2  m)  H20  +  (o-5  +  -y  )  0.,  +  (3  +  m)  N-, 

Q  =  671-2  +  30-4TO. 

w'  =  605  +  80  m,  co  =  454  +  80  m. 

a.  —  m  —  29-2,     20  dynamite  and  80  nitrate. 

w'  =  2,941  grammes,  tu  =  2,790  grammes. 


1,558-9 

530-1 

1,500° 

6,260 

0  934 

I 

- 

b.  —  m  =  7 "81,     50'5  dynamite  and  49 "5  nitrate. 
v'  =  1,229-8  grammes,  to  =  1,078-8  grammes. 

908-6 

739 

2,000° 

7,440 

0  865 

— 

— 

— 

IV. — Mixtures  of  Gun-Cotton  with  Nitrate  of  Ammonia. 

A. — Endecanitric  Cotton  (t). 

a. — Mixture  giving  complete  combustion  of  the  cotton. 

M  =  C^H^NuO^  +  20-5  N2H403  =  24  C02  +  55  5  H20  +  26  N2,  o>  =  2,783. 

41  cotton  +  59  nitrate. 


3,117 

1,121 

2,420° 

8,630 

0  847 

0-2 
03 

2,092  C) 
3,488 

— 

b.— M  +  m  N2H403,  to  =  2,783  +  80  m. 

Q  =  3,117  +  304  m. 

1st.— m  =  24-24, 

24-2  cotton  +  75'8  nitrate,  o>  =  4,863  grammes. 


3,854 

S16 

2,000° 

7,580 

0-881 

— 

— 

— 

2nd.— m  =  134-9,  8  4  coUon  +  91-6  nitrate,  to 

=  13,575  grammes. 

7,218 

532  0 

1,500° 

6,370 

0  954 

— 

— 

— 

B. — Octonitric  Cotton  and  Nitrate  of  Ammonia. 

a. — Mixture  giving  complete  combustion   of   the   cotton. 

C24H32Ns036  +  28  N2H403. 

31  cotton  +  69  nitrate,  a>  =  3,248  grammes. 


3,382 

1,041 

2,265° 

8,460 

0-879 

— 

— 

— 

(*)  See  figure  5.  (t)  See  figure  6. 

(X)  "Recherches  experimentales  sur  la  decomposition  du  coton-poudre,"  by  Messrs.  Sarrau  and 
Vieille—  Study  No.  3  (Archives  de  la  commission  des  Substances  Explosives).  P  has  been  calculated, 
starting  from  crushing,  by  the  formula  K0  +  Ks,  which  Messrs.  Sarrau  and  Vieille  had  not  yet  estab- 
lished at  the  time  of  the  publication  of  that  work. 
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Q 

Qlc 

t 

/ 

o 

A' 

P 

P 

A~ 

b.     1  '.,11    V03U  +  5"4N,.H40:J- 
70  cotton    t-  30  nitrate,  w  =  1,440. 

1,273  3 

884 

2,170° 

8,620 

0  933 

— 

— 

— 

C.— C,,H:,,NsO:i(;  +  .rj0-4N,H4O3- 

20  cotton  +  80  nitrate,  w  =  5,040. 


4,083 

810 

1,930° 

7,610 

0-915 

— 

— 

1 

V. — Octonitric  Cotton  and  Nitrate  of  Barium. 

Mixture  giving  complete  combustion  of  the  cotton. 

C^E^NsO.,,;  +  5-60N2O6Ra,co'  =  2,469-6,  w  =  1,612-$ 

40  5  cottou    +    59*5  nitrate. 


1,983-4 

803 

2,648c 

7,590 

0  686 

— 

— 

— 

VI. — Blasting-Gelatine. 

Mixture,  with  complete  combustion  of  nitro-glycerine  and  endecanitric  cotton. 

C24H3lN9038  +  51  C3H5N309,  o>  =  12,630  grammes. 


19,511 

1,545 

3.220° 

9,360 

0-709 

— 

— 

The  preceding  calculations,  and  some  others,  which  are  not  reproduced  here, 
being  of  less  interest,  are  the  calculations  from  which  the  curves,  shewn  in  figures 
5,  6,  and  7,*  have  been  traced.  These  curves  shew  the  manner  in  which  the 
temperature  of  detonation,  and  the  explosive  force/,  vary  for  mixtures,  in  different 
proportions,  of  dynamite  or  gun-cotton  with  various  substances  liable  to  decom- 
position under  the  influence  of  a  high  temperature. 


comparison  between  the  calculated  pressures  and  the  pressures 
experimentally  observed. 

The  calculated  figures  for  the  temperatures  of  detonation  and  the  explosive  forces 
f,  depend  on  sueh  of  the  calorimetric  indications  as  can  be  considered  certain ; 
upon  the  formula?  of  the  decomposition  of  explosives  which  are  only  certainly  known 
when  the  explosive  is  completely  burnt ;  lastly,  upon  the  values  of  the  specific 
gaseous  heats  deduced  from  these  experiments.  It  is  very  interesting  to  compare 
the  calculated  results  with  the  observations  of  Messrs.  Sarrau  and  Vieille  on  the 
pressures  developed  by  the  gases  resulting  from  the  decomposition  of  explosives 
in  closed  vessels. 

Indeed  these  pressures  may  be  calculated  by  the  formula 


(1.) 


/A 


1— a  A  ' 

when/  is  known.  But  there  is  then  interposed  another  coefficient  o  which  is  never 
known  with  certainty.  Furthermore  the  preceding  equation  which  is  no  other 
than  that  of  Clausius,  has,  up  till  now,  only  been  verified  for  comparatively  small 
pressures  and  for  very  high  temperatures. 

(*)  See  pages  22  and  23. 
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The  attempted  verification  will,  therefore,  depend  on  four  elements  : — 

1st.  The  accuracy  of  the  law  of  increase  of  specific  heats  which  has  been  assumed, 

and   that  of  the  independence  of   the  specific  heat  and  of  the  pressure, 

which  has  been  ascertained  by  Messrs.  Berthelot  and  Vieille,  as  well  as  by 

ourselves,  as  far  as  16  or  17  atmospheres  ; 
2nd.  The  accuracy  of  the  expression  (1)  which  follows  directly  from  the  equation 

of  Clausius ; 
3rd.  The  accuracy  of  the  value  O'OOl  which  has  been  assigned  to  the  co-volume, 

and  which  has  been  assumed  to  be  the  same  for  all  gases ; 
4th.  The  correctness  of  the  mode  of  decomposition  of  the  explosive,  adopted  in 

the  calculations. 
For  this  verification  formula  (1)  has  been  transformed  into 

(2.)  —  =aP  +  /. 

A 

The  experimental  pressures  P  under  the  various  charging  densities  A  being  known, 
p 
calculating —  ,  and  considering  the  values  of  P  as  the  abscissae  and  the  values  of 

P  A 
a3  the  ordinates  of  a  line ;  this  line,  if  the  theories  are  correct,  should  be  a 

straight  line,  the  angular  co-efficient  of  which  a  = °  depends  solely  upon  the 

co-volume,  and  whose  originating  ordinate  /  depends  upon   the  temperature  of 

detonation  to  which  it  is  proportional,  and  the  gaseous  volume  which  itself  depends 

upon  the  law  of  decomposition. 

p 
The  experimental  points  having  for  their  abscissas  P  and  for  their  ordinates 

A 
should  be  placed  on  this  theoretical  straight  line. 

If  the  specific  gaseous  heats  and  the  law  of  decomposition  assumed  in  these 
theoretical  calculations  are  not  accurate,  but  if  the  law  of  the  co-volume  is  so,  the 
experimental  points  should  be  in  a  straight  line  ;  lastly,  if  the  value  assumed 
for  the  co-volume  is  accurate,  which  assumes  the  correctness  of  the  law  of 
decomposition,  this  straight  line  must  have  an  inclination  defined  by  the 
theoretical  angular  co-efficient  a. 

On  figure  8  (p.  25)  the  experimental  points,  for  various  explosives,  deduced 
from  the  trials  of  Messrs.  Sarrau  and  Vieille,  have  been  placed  on  a  plan  in  which 
the  scale  of  the  abscissae  is  the  same  as  that  of  the  ordinates.  To  understand  all 
the  relative  values  for  the  various  explosives,  on  the  same  page,  and  to  avoid  con- 
fusion, the  origin  of  the  ordinates  is  different  with  each  explosive. 

The  lines  representing  the  theoretical  co-efficient  a  which  pass,  as  nearly  as 
possible,  through  the  experimental  points,  are  continuous  lines. 

It  is,  first  of  all,  evident  from  an  examination  of  the  figure,  that  the 
experimental  points  (if  those  which  have  no  relation  with  the  others,  and  are 
evidently  erroneous  are  eliminated),  depart  very  little  on  one  side  or  the  other  from 
the  lines  thus  traced. 

With  nitrate  of  ammonia,  for  example,  the  two  observations  are  placed  exactly 
on  the  line  of  inclination  a.  It  is  the  same  for  the  mixture  of  cotton  and  nitrate 
of  ammonia  giving  completely  burnt  products. 

With  cotton-powder  and  picric  acid  the  agreement  is  also  very  satisfactory,  and 
especially  it  is  the  case  with  picric  acid  which  has  been  observed  as  far  as  the 
enormous  pressure  of  7,660  kilogrammes. 

DEDUCTIONS  AS  TO  THE   LAW   OF  THE  CO- VOLUME  AND  THE   VALUE   OF  THAT 

CO-EFFICIENT. 

It  results,  therefore,  from  this  first  point  that  the  formula  of  the  co-volume  verified 
from  the  lowest  pressures  up  to  10  or  20  atmospheres,  is  still  true  for  pressures 
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which  surpass  7,500  atmospheres.  The  identity  of  the  co-volume  for  all  gases 
which  has  been  assumed,  and  the  value  of  0*001  attributed  to  that  co-volume,  are 
thus  verified  in  as  satisfactory  a  manner  as  possible,  for  the  nature  of  the  burnt  gases 
is  very  different  with  picric  acid,  on  the  one  hand,  which  contains  only  one  volume 
of  water  vapour  and  one  volume  of  carbonic  acid  against  16  volumes  of  perfect 
gases,  and  with  nitrated  cotton  on  the  other,  which  contains  24  volumes 
of  carbonic  acid  and  55*5  volumes  of  water  vapour,  against  26  volumes  of  perfect 
gases. 

The  experiments  of  Messrs.  Sarrau  and  Vieille  would,  therefore,  tend  to  shew  that, 
from  the  lowest  pressures  up  to  those  of  7,000  or  8,000  atmospheres,  the  gaseous 
molecules  had  an  invariable  volume,  the  same  for  all,  and  very  nearly  equal  to  the  one 
thousandth  of  the  gaseous  volume  at  zero  centigrade  and  760  millimetres  pressure. 


DEDUCTIONS  AS  TO  THE  VARIATION  OF  THE  SPECIFIC  HEATS  OF  THE  CONDENSED  GASES 
WITH  TEMPERATURE  AND  PRESSURE. 

On  figure  8,  by  the  side  of  the  continuous  line,  which  may  be  called  the 
experimental  line,  a  dotted  line  having  the  same  inclination  a,  and  having  the 
value  of  f  found  by  calculation  as  the  ordinate  at  origin,  has  been  drawn. 

The  space  between  these  two  straight  lines,  experimental  and  theoretical,  is 
represented  by  the  differences  of  the  ordinates  at  the  origin  of  each  of  them. 

The  two  straight  lines  are  very  little  different,  one  from  the  other,  for  nitrate 
of  ammonia  ;  the  difference  between  the  two  ordinates  at  the  origin,  5,400  and  5, 180 
is  220,  or  a  proportional  error  of  about  4  per  cent.  This  difference  may  be  considered 
as  insignificant. 

With  dynamite  there  was  only  one  experiment.  The  theoretical  line  is  above  the 
experimental  line  by  (S,410  —  8,165  =)  245,  or  a  proportional  error  of  3  per  cent., 
which  may  also  be  considered  as  unimportant. 

With  cotton  and  nitrate  of  ammonia  the  coincidence  of  the  two  lines  is  almost 
perfect.  The  theoretical  line  is  below  the  experimental  line  by  (8,680  —  8,630  —) 
50,  a  proportional  error  of  0'57  per  cent.,  which  is  in  the  class  of  accidental  errors. 

For  endecanitric  cotton  the  difference  is  greater  ;  the  theoretical  line  is  above 
the  experimental  line  by  (9,490  —  8.700  =)  790,  or  a  proportional  error  of  8'4  per 
cent. 

With  picric  acid  the  difference  is  still  greater  ;  the  theoretical  line  is  again  above 
the  experimental  line  to  the  extent  of  (9,600  —  8,650  =)  950,  or  a  proportional  error 
of  10  per  cent. 

It,  therefore,  follows  from  this  comparison  that  substances  which  yield,  on 
decomposition,  very  little  of  the  perfect  gases,  such  as  dynamite  (24  per  cent,  of 
perfect  gases)  or  ammonia-cotton  (24*8  per  cent,  of  perfect  gases)  shew  a  very 
satisfactory  agreement  between  theory  and  experiment,  the  difference  not  surpass- 
ing 3  per  cent. 

It  may  be  concluded  that  the  expressions  of  the  specific  heats  of  carbonic 
acid  and  aqueous  vapour,  deduced  from  the  earlier  experiments,  ought  to  be 
practically  accurate  ;  that  these  expressions  can  be  extended  as  far  as  3,000  degs. ; 
and  lastly,  that  they  are  still  independent  of  the  pressure,  even  when  the  pressure 
amounts  to  3,000  or  4,000  atmospheres. 

DEDUCTIONS  AS  TO   THE    EXISTENCE    OF   THE    VARIATION    WITH  TEMPERATURE  OF  THE 
SPECIFIC  HEAT  OF  PERFECT  OR  NON-CONDENSIBLE  GASES. 

The  theoretical  lines  for  cotton  and  picric  acid  depend  on  the  law  assumed  for 
the  formula  of  decomposition,   and,   in  a  great  measure  at  least,  on  the  law  of 
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increase  in  the  specific  heat  of  perfect  gases,  which  has  an  especial  importance,  for 
the  reality  of  the  increase  itself  remains  doubtful  to  many  scientists. 

For  endecanitric  cotton,  the  formula  of  decomposition  assumed  appears  sufficiently 
established  ;  it  follows  from  analyses  made  by  Messrs.  Sarrau  and  Vieille,  of  the 
gases  yielded  by  detonation.  It  is  true  that  these  gases,  during  the  cooling,  may 
re-act  mutually,  so  that  the  composition  observed  may  be  very  different  from  the 
composition  at  the  instant  of  detonation.  Nevertheless  it  can  be  taken  as 
certain  that  it  is  not  composed  of  hydro-carbons  in  notable  proportion.  The 
formula  of  decomposition  should  then  be,  as  previously  shown,  represented  by 
the  expression 

(—1-5  +  5)  C02  +  (25-5—5)  CO  +  (14-5— S)  H20  +  5  H,  +  55  N2. 

The  number  5  can  vary  only  from  5  =  0  to  5  =  14' 5  ;  the  amount  of  heat 
experimentally  ascertained  cannot  vary.  Under  these  conditions  the  value  of/ can 
only  vary  from  9,170  to  9,440. 

These  numbers  allow  the  difference  between  the  theoretical  and  experimental 
lines  to  remain  always  in  the  same  relation. 

The  theoretical  line  has  been  calculated  by  assuming  a  certain  increase  (a  very 
small  one)  of  the  specific  heat  of  simple  gases,  accordiog  to  the  formula  4  "8  +  0 '0006  t. 
If  this  increase  was  not  assumed,  the  temperature  of  detonation  would  be  2,820 
degs.  C  and/  =  10,060.  The  experimental/  is  8,700  ;  the  difference  would  be 
1,360,  or  the  relatively  enormous  error  of  15£  per  cent. 

The  increase  in  the  specific  heat  of  perfect  gases  is,  therefore,  a  certain  consequence 
of  the  experiments  of  Messrs.  Sarrau  and  Vieille. 


DEDUCTIONS  AS  TO   THE  RATE  OF  INCREASE   WITH    TEMPERATURE  OF  THE  MOLECULAR 
SPECIFIC  HEAT  OF  PERFECT  OR  NON-CONDENSIBLE  GASES. 

The  rate  of  increase,  0"0006  per  degree  of  the  specific  heat  has  been  deduced 
from  these  experiments,  rather  discordant  on  this  point,  because  this  value  is 
shewn  as  the  difference  between  quantities  themselves  variable.  A  maximum 
value  of  00012  and  a  minimum  value  of  0'0003  have  been  found  for  this  co- 
efficient. The  assumed  value  0'0006  was  an  average  which  is  presented  with 
due  reservation. 

It  is  natural  to  seek  what  would  be  the  value  that  must  be  attributed  to  this 
increase  to  bring  about  a  coincidence  between  the  theoretical  and  experimental 
lines.  The  calculation  is  simple,  and  with  the  experimental  value  of  /  =  8,700, 
t  will  =  2,437  and  for  perfect  gases,  the  expression 

4-8   +  0-0014  t. 

This  rate  of  increase  appears  a  little  too  great.  It  is  greater  than  that  which 
was  deduced  from  the  experiments  of  Messrs.  Berthelot  and  Vieille  with  cyanogen 
burning  to  CO,  and  which  was  O'OOll. 

The  formula  of  decomposition  of  picric  acid  is  not  well  known.  Messrs.  Sarrau 
and  Vieille,  according  to  the  analyses  of  the  gases  resulting  from  detonation,  give 
the  following  formulas  : — 

A  =  0-1  .  1-37  C02  + 10-50  CO  +  0122  CH4  +  2-00  H,  +  0'75  H20  +  3  N2, 

A  =  0-2  .         2-50  C02  +  8-60  CO  +  0870  CH4  +  0-87  H2  +  037  H20  +  3  N.,, 

A  =  0-5  .  3-12  C02  +  7-62  CO  +   1*190  CH4  +  0*50  H2  +  0"25  H20  +  3  N2. 

The  salient  fact  shewn  by  these  analyses,  is  the  presence  of  marsh  gas  in  notable 
quantity  and  increasing  with  the  charging  density.  This  gas  has  a  great  infiuence, 
as  Messrs.  Sarrau  and  Vieille  remark,  on  the  amount   of  heat  of  decomposition. 
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With  the  figures  given,  this  amount  of  heat  would  be  : — 
3'12  x  94-0     =     29.3-3  calories. 
7G2  x  258     =     196-6      do. 
1-19  x  185     =       220      do. 
025  x  58-0     =       14-5      do. 

526-4     do. 
Heat  of  formation  of  the  acid  98'2     do. 

428-2     do. 

The  temperature  of  detonation  can  be  calculated  with  this  number.  It  is  true 
that  the  rate  of  increase  of  the  specific  heat  of  marsh  gas  with  temperature  is 
not  known,  but  that  only  having  little  influence,  the  same  rate  as  for  COa  may  be 
assumed.  Thus  the  analysis  of  Messrs.  Sarrau  and  Vieille,  with  a  charging  density 
of  0-5  leads  to  a  detonating  temperature  t  =  3,300  degs.,  to  an  /  =  10,410  and  to 
an  o  =  0-77 

But  a  straight  line  having  an  inclination,  represented  by  this  new  value  of  o, 
cannot  pass  at  once  through  all  the  experimental  points,  as  shewn  in  figure  8. 
Further,  a  straight  line  passing  through  the  observed  point,  corresponding  to  the 
density  0'3,  and  having  the  inclination  a  =  0-77  gives  an/  =  9,420,  which  differs 
considerably  from  10,410.  The  analyses  of  Messrs.  Sarrau  and  Vieille,  therefore, 
do  not  agree  with  their  observations  of  pressure,  if  they  are  considered  as 
representing  the  composition  of  the  gases  at  the  moment  of  detonation  ;  and  it 
is  very  probable  that  the  gases  analysed  had  already  undergone  many  transfor- 
mations during  cooling. 

However  this  may  be,  if  the  law  of  decomposition  be  allowed,  which  has  been 
assumed  in  supposing  that  the  decomposition  does  not  give  rise  to  any  hydro- 
carbons, inquiry  should  be  made  as  has  been  made  with  carbonic  acid,  as  to  what 
rate  of  increase  in  the  heat  of  the  perfect  gases  will  bring  about  coincidence 
between  the  experimental  and  theoretical  lines. 

It  will  be  found  that  for  the  detonating  temperature  t  =  2,227  degs,,  and  for 
the  specific  heat  of  perfect  gases 

c  =  4-8  +  00013  t. 

The  rate  of  increase  does  not  differ  much  from  that  which  has  been  deduced 
from  the  experiments  made  with  gun-cotton. 

In  any  case,  the  result  of  this  inquiry  is  the  incontestable  reality  of  the  increase 
in  the  specific  heats  of  the  perfect  gases  with  the  temperature.  As  to  the  rate  of 
this  increase,  laid  down  linearly,  it  would  appear  to  be  more  marked  than  that 
(O'OOOG),  which  has  been  assumed,  and  even  much  greater  than  that  (O'OOll) 
resulting  from  the  experiments  of  Messrs.  Berthelot  and  Vieille. 

Unfortunately  the  uncertainty  of  the  mode  of  decomposition  of  gun-cotton  and 
picric  acid  does  not  permit  the  deduction  of  positively  certain  conclusions  as  to  the 
exact  value  of  this  co-efficient. 
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NOTE  B. 

ON  THE  QUANTITY  OF  HEAT  WHICH  CAN  BE  TRANSFORMED  INTO 
WORK  BY  THE  ADIABATIC  EXPANSION  OF  A  GAS. 


By  Messrs.  Mallard  and  Le  Chatelier. 


The  solution  of  the  question,  now  to  be  considered,  is  well  known  in  the  case 
where  the  specific  heat  of  gases  is  assumed  to  be  constant.     In  that  case  if 
T0,  the  absolute  initial  temperature  of  the  gas, 
T,    the  absolute  final  temperature  of  the  gas, 
P0,  the  initial  pressure, 
P,    the  final  pressure, 
V0,  the  initial  volume, 
V,    the  final  volume, 
Q,    the  quantity  of  heat  equivalent  to  the  work,  effected  by  the  adiabatic 

expansion  from  P0  to  P, 
c,      the  specific  heat  of  the  gas  under  constant  volume, 
c',     the  specific  heat  of  the  gas  under  constant  pressure, 
It  is  known  that 


c-c 
c' 


T  IpJ 

Q  =  c  (T0-T). 
Analogous  equations  can  be  easily  formed,  naturally  a  little  more  complex,  when 
the  specific  heat  under  constant  volume,  is  a  function  of  the  temperature. 

Supposing  that  the  temperature  remains  high  enough  and  —  is  relatively  large, 

then  the  equation  of  Clausius  can  be  reduced  to  the  expression 

(1)  P  (V-u  v0)  =  RT  =  ]°'3^3X  V°  T, 

u  being  the  co-volume,  and  v0  the  volume  of  the  gas  at  0°C  and  760  millimetres 
pressure,  P  being  expressed  in  kilogrammes,  V  and  v0  in  cubic  metres. 
By  differentiation  it  may  be  deduced  that 

dT  dP 

(2)  dV  =  R-^-   -   RT    pr; 

The  gases  following  the  law  of  adiabatic  expansion,  then,  A  being  the  calorific 
equivalent  of  a  kilogram-metre, 

(3)  APrfV  =  -  CdT, 

€  being  the  true  specific  heat  of  the  mass  of  the  gas  under  consideration. 

k 
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From  equations  1  and  2,  it  follows  that 

w  (1  +  ar)t-f-°' 

If  the  average  specific  heat,  under  constant  volume,  of  the  mass  of  the  gas, 
between  0°C  and  t°  is  expressed  by  c  =  a  +  b  t,  then  for  the  true  specific  heat, 
at  t 

C  =  a+2bl  =  a  +  2b(T  —  273), 

or,  by  taking 

a'  =  a  —  2  b  x   273, 
C  =  a'  +  2  b  T. 

Transposing  this  value  of  T  into  the  equation  and  integrating,  it  becomes 
definitely 

(5)  (l    +^L\  log  nep.  T  +  ~  T  —  log  nep.'P  =  constant. 

If  the  specific  heat  be  supposed  constant  and  equal  to  c,  then  b  =  o,  a'  =  c,  and 
the  equation  would  be  reduced  to 

A   R 

To  _  /Po 


-(¥) 


Moreover,  if  we  refer  back  to  the  value  of  R,  it  will  be  seen  that  A  R  is  the 
quantity  of  heat,  equivalent  to  the  work  of  the  expansion  of  the  gas,  under 
atmospheric  pressure  for  1  deg.  variation  in  temperature ;  therefore,  A  R 
=  c'  —  c,  which  reconciles  the  expression  with  the  known  form 

(c'  ~  c) 

To  _  Pp  c' 

T         P 

By  placing  in  (4)  the  value  of  P  drawn  from  (1),  it  would  be  easy  to  get  an 
equation  between  V  and  T;  which  it  is  useless  to  set  down. 

As  to  the  quantity  of  heat  Q  expended  by  the  gas  in  producing  expansion  from 
P0  to  P,  it  corresponds  to  the  loss  of  internal  energy  in  the  gas  from  T0  to  T,  and 
may  be  expressed 

(6)  Q.  =  a  t0  +  b  <g  —  (a  t  +  6  t-), 

calling  t0  and  t  th©  temperatures  reckoned  from  zero,  which  respectively  correspond 
to  the  absolute  temperatures  T0  and  T. 

The  formula  (5),  when  ordinary  logarithms  are  introduced,  and  the  constant 
is  determined  by  writing,  the  expression  is  verified  for  the  pressure  and  initial 
temperature  P0  and  T0,  takes  the  form 


and 


*  -  0  +  TS)  los-  T»  +  M4"R  T» 


M  being  the  ordinary  logarithm  of  e. 

When  the  value  of  T  =  t  +  273  has  been  deduced  from  equation  (7)  for  any 
p 
given  expansion  =-,   the  quantity  of  heat  Q«  utilised  by  the  expansion,  by  means  of 

•  ° 

the  expression 

Qu  =  Q  —  (at  +  b  t"-). 
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The  following  table  is  formed  in  this  manner.  An  expansion  of  l-10,000th  has 
been  assumed,  which  will  reduce  to  the  atmospheric  pressure,  the  gases  assumed 
originally  to  have  a  pressure  of  10,000  kilogrammes.  The  table  shews  for  four 
explosives,  the  weight  a>  of  the  unit  of  volume  assumed  equal  to  22'32  litres  ; 
the  co-efficients  a  and  b  of  the  expression  of  the  specific  heat  of  the  unit  of 
volume  ;  the  initial  temperature  t0  of  detonation  ;  the  final  temperature  t  after 
the  expansion  of  l-10,000th ;  the  heat  Qd  expended  in  expansion  per  unit  of 
weight ;  the  heat  Qfc  representing  the  calorific  energy  developed  by  the  detonation 
of  1  kilogramme.        The  co-efficients/,  calculated  in  Note  A  are  also  added. 


Nature  of  Explosive. 

u 

a 

b 

to 

*        Qd 

Qk 

/ 

Picric  acid         

grms.  | 
...  25-45  J  4-93 

•00092 

2,560° 

69=      724 

737 

9,420 

Endecanitric  cotton    . . . 

...  25-97  ,  5-30 

•00181 

2,636° 

304°      945 

1,168 

9,460 

Nitro-glycerine  .. 

...  31-31    5-68 

•00281 

3,170° 

978°   1,128 

1,478 

9,320 

40  endecanitric  cotton  + 
nitrate  of  amonia 

60  j-    26  37  j  5-50 

•00273 

2,450° 

502°      993 

1,121 

8,720 

An  examination  of  this  table  shews  that  a  varies  little  with  one  explosive  or 
another  ;  while  on  the  contrary  b  varies  greatly  ;  that  in  proportion  as  b  augments, 

the  final  temperature  t  increases  also  ;  and  the  ratio    "■  of  the  energy  Qti  utilized  in 

expansion  to  the  total  energy  Q^.  diminishes. 

With  explosives  whose  gases  are  incompletely  burnt,  and  which  consequently 
consist  largely  of  perfect  gases,  the  expansion  utilises  almost  the  whole  of  the 
disposable  energy. 

Besides,  this  table  shews  how  different  is  the  order  in  which  the  explosives  can 
be  classed,  according  to  the  use  to  which  they  are  to  be  applied. 

If  it  is  intended  to  merely  produce  in  a  rock,  fissures  which  will  allow  a 
subsequent  breaking  down,  it  is  the  pressure  developed  by  the  explosive  in  the 
shot-hole  which  is  the  most  important  factor,  and  the  value  of  /  will  govern  the 
classification. 

In  mines,  the  value  of  fit  is  evident  should  be  especially  taken  into  consideration. 

If,  on  the  contrary,  it  is  desired  to  excavate  and  displace  a  great  amount  of 
earth,  the  value  of  Qf^  becomes  the  essential  element. 

The  preceding  examples  shew  that,  though  Q^  may  be,  especially  with  explosives 
completely  burnt  and  with  a  high  temperature  of  detonation,  sufficiently  different 
from  Q^.  the  difference  is  not  yet  great  enough  so  that  the  total  energy  Qj.  per 
kilogramme,  can  not  be  taken  as  the  measure  of  what  may  be  called  the  mining 
power  of  the  explosive. 

It  is  seen  that  an  explosive  can  give  up,  on  expansion,  almost  all  the  energy 
which  it  holds  accumulated.  The  experimental  result  found  by  the  Sub-Commission, 
which  is  equal  to  about  a  third  part  of  the  total  energy  of  the  explosive,  the 
energy  transformed  into  work  by  detonation  in  a  tin  tube  of  0"98  inch  and  1"57 
inches  diameter,  shews  that  under  these  conditions,  the  share  of  the  disposable 
calorific  energy  is  far  from  being  all  utilized. 
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In  conclusion,  it  may  be  remarked  that  the  equation  (7)  justifies  the  experimental 
result  obtained  by  the  Sub-Commission,  that  the  temperatures  of  the  gases,  after 
the  projection  of  the  sides  of  any  given  tube,  such,  for  example,  as  the  tin  tube  0"98 
inch  and  1  '57  inches,  varies  inversely  with  the  density  of  charging.  Indeed, 
the  density  of  charging  diminishes  the  initial  pressure  P0,  without  changing 
either  the  initial  temperature  T0  or  consequently  the  co-efficient  k.  The 
final   pressure    P,    which,    in    the   experiments  of  the   Sub-Commission,  was  the 

p 

atmospheric  pressure,  also  remains  the  same,  the  ratio  —increases  as  the  density 

"o 
of  charging  diminishes  ;  and  it  follows  from  equation  (7)  that  the  final  temperature 
T  also  increases. 
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In  the  report  of  the  5th  July  1888,  the  Commission  stated  that  the  experiments 
would  be  continued  in  such  a  way  a3  to  solve,  as  far  as  possible,  certain  questions 
still  remaining  doubtful.  The  months  of  July,  August,  September,  and  October, 
1888,  have  been  employed  in  these  new  researches,  the  results  of  which  are  now 
published. 

I. — EXPLOSIVES  IN  PRESENCE  OP  MIXTURES  OF  AIB  AND  COAL  GAS. 

It  seemed  interesting  to  experiment  with  inflammable  gaseous  mixtures  in 
which  marsh  gas  was  replaced  by  (illuminating)  coal  gas.  Indeed,  it  was  desirable 
that  trials  similar  to  those  which  had  been  made  at  the  Sevran-Livry  Powder 
Mill  by  the  Commission  should  be  repeated  without  too  many  difficulties,  either 
to  ascertain  the  degree  of  safety  of  any  new  explosive,  or  to  ensure  that  explosives 
supplied  by  manufacturers  should  give  the  necessary  degree  of  safety.  It  was, 
therefore,  very  desirable  that  trials  should  be  made,  and  that  marsh  gas,  the 
manufacture  of  which  in  quantities  is  both  difficult  and  costly,  should  be  replaced 
by  coal  gas. 

The  most  explosive  mixtures  of  air  and  coal  gas  contain  from  15  to  16  per  cent, 
of  gas.  The  power  of  the  ejector  was  insufficient  to  allow  the  preparation  of 
similar  mixtures  in  the  boiler.  Experiments  made  with  mixtures  containing 
10-3  per  cent,  of  coal  gas  were  considered  sufficient  for  the  objects  in  view. 
Moreover,  it  was  observed  that  the  inflammability  varied  little,  within  certain 
limits,  with  the  proportions  of  the  mixture. 

It  was  sought,  as  in  the  case  of  mixtures  of  air  and  fire-damp,  to  determine, 
for  mixtures  of  air  and  of  coal  gas,  the  apparent  temperature  of  ignition  under  the 
influence  of  the  detonation  of  explosives. 

Tin  tubes  of  0*98  inch  and  1*57  inches  diameter,  in  which  771*6  grains 
of  various  explosives  were  successively  stemmed,  were  burst  in  the  midst  of 
gaseous  mixtures. 

Under  these  conditions,  mixtures  containing  10  gun-cotton  and  90  nitrate  of 
ammonia,  20  cotton  and  80  nitrate,  and  30  cotton  and  70  nitrate  were  tried.  None 
of  these  mixtures  ignited  the  gas.  It  was  useless  to  experiment  with  mixtures 
containing  larger  proportions  of  gun-cotton,  because  the  mixture  of  30  per 
cent,  of  cotton  gives  complete  combustion  and  the  highest  temperature ;  on 
the  other  hand,  by  increasing  the  proportion  of  cotton,  the  gases  produced  by  the 
detonation  would  have  been  combustible  and  might  have  ignited  in  contact  with 
the  gaseous  mixture. 
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Afterwards,  mixtures  of  dynamite  and  nitrate  of  ammonia  were  tried.  Mixtures 
containing  respectively  60,  70,  80,  and  90  of  dynamite  when  dutonated  in  a  tin  tube 
0'9S  inch  and  157  inches  diameter,  did  not  ignite  the  gaseous  mixture. 
Dynamite  unmixed  with  nitrate,  on  the  contrary,  produced  this  ignition,  when 
detonated  in  the  same  manner. 

The  gases  resulting  from  the  detonation  of  a  mixture  of  90  of  dynamite 
and  10  of  nitrate,  after  having  accomplished  the  necessary  work  of  shattering 
the  tube  and  projecting  its  debris,  retained,  as  was  shewn  in  the  report  of  the 
5th  July,  only  63  per  cent,  of  the  original  amount  of  heat. 

It  follows  from  this,  that  the  temperatures  of  the  gases,  when  they  come  in 
contact  with  the  external  gaseous  mixture,  is  about  3,758  degs.  F.  It  has  been 
previously  calculated  that  dynamite,  under  the  same  conditions,  gives  gases 
of  a  temperature  of  3,902  degs.  F.  ;  the  apparent  temperature  of  ignition  of  a 
mixture  of  air  and  coal  gas  containing  10  per  cent,  of  this  gas,  would,  therefore, 
be  about  3,812  degs.  F.  With  mixtures  of  air  and  fire-damp,  the  temperature 
was  found  to  be  about  3,992  degs.  F. 

As  regards  this  temperature,  thus  determined  in  a  roughly  approximate  manner, 
it  is  necessary  to  make  the  same  reservations  as  those  which  have  already  been 
made  in  the  first  report  when  treating  of  marsh  gas. 

However  this  may  be,  it  is  evident  that  the  inflammability  of  mixtures  of  air  and 
coal  gas,  under  the  conditions  of  the  experiments,  is  not  much  greater  than  that 
of  mixtures  of  air  and  fire-damp.  Therefore,  without  too  much  exaggeration, 
the  condition  of  not  igniting,  at  least  in  the  great  majority  of  cases,  mixtures  of 
air  and  coal  gas,  in  which  they  are  detonated  unconfined,  may  be  imposed  upon 
the  explosives  intended  for  use  in  fiery  mines. 

This  conclusion,  moreover,  up  to  a  certain  point,  might  have  been  expected  from 
the  experiment  made  in  May,  1887,  in  the  laboratory  of  the  School  of  Mines,  of 
which  an  account  was  supplied  to  the  Commission.  It  was  ascertained  that  a 
plugged  detonator  containing  23*15  grains  of  fulminate,  and  detonating  in  a  bomb  of 
a  capacity  of  244'11  cubic  inches,  ignited  neither  the  mixture  containing  10  per  cent, 
of  fire-damp,  nor  that  containing  15  per  cent,  of  coal  gas,  although  it  did  ignite 
the  mixture  containing  30  per  cent,  of  hydrogen. 

II. — INFLUENCE  OF  AQUEOUS  VAPOUR  UPON  THE  INFLAMMABILITY  OF  FIRE-DAMP 

MIXTURES. 

Certain  capricious  effects  of  explosives  detonating  unconfined  had  led  to  the 
supposition  that  the  inflammability  of  the  gas  might  vary  with  certain  circum- 
stances, and  particularly  with  the  humidity  of  the  air.  Experiments  undertaken 
in  the  laboratory  have  not  confirmed  this  hypothesis,  and  no  appreciable  difference 
has  been  found  between  the  inflammability  of  more  or  less  humid  mixtures. 

III. — ON  THE  METHOD  OF  DETONATION  OF  EXPLOSIVES. 

In  the  previous  report,  everything  of  interest  as  regards  the  object  of  these 
researches  has  been  shewn  concerning  the  study  of  a  question  still  imperfectly 
known,  in  spite  of  the  valuable  studies  of  Messrs.  Berthelot,  Sarrau,  and  Vieille, 
respecting  the  mode  of  the  detonation  of  explosives. 

On  one  side,  it  is  important,  with  the  numerous  explosives  which  have  been 
invented,  to  be  able  to  ascertain  with  some  precision  the  greater  or  less  aptitude  of 
their  detonation  ;  for  a  very  imperfect  aptitude,  a  priori,  would  be  enough  to  reject 
the  use  of  the  substance. 

On  the  other  side,  the  temperature  of  the  detonation  is  one  of  the  most  important 
elements  affecting  safety,  and  it  depends  essentially  on  the  mode  of  decomposition. 
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Lastly,  the  mode  of  decomposition  of  the  same  explosive  substance  varies  with 
the  circumstances  under  which  the  detonation  occurs.  It  is  certainly,  at  the  least,  not 
necessarily  the  same  when  the  substance  detonates  unconfined,  or  when  it  detonates 
in  a  resisting  vessel,  and  the  conditions  of  safety  may  vary  much  in  one  case  or  the 
other. 

Without  hoping  to  completely  solve  these  delicate  questions,  till  now  but  little 
studied,  it  appeared  interesting  to  multiply  researches  on  this  point.  A  certain 
number  of  new  facts  have  been  added  to  those  contained  in  the  first  report,  and  for 
greater  clearness  the  old  and  the  new  facts  will  be  here  summarized. 

The  experimental  methods  which  have  been  employed,  and  the  motives  of 
which  have  already  found  a  place  in  the  first  report,  will  be  again  described. 

Mode  of  Conducting  the  Experiments. 
To  ascertain  the  quantity  of  heat  disengaged  by  the  detonation  of  an  explosive, 
the  detonation  was  made  in  the  closed  boiler,  and  the  pressure  developed  by  the 
rise  of  internal  temperature  due  to  detonation  was  measured  by  means  of  a  water- 
gauge.  The  temperature  falls  rather  rapidly  by  cooling ;  by  observing  for  some 
seconds  the  progress  of  this  cooling,  the  pressure  developed  at  the  very  moment 
of  detonation,  before  the  cooling  had  commenced,  may,  by  an  allowable  assump- 
tion, be  estimated.  The  pressure  P  being  known  (in  metres  of  water),  and  the 
capacity  of  the  boiler  (thus  transformed  into  an  air  calorimeter),  then  the  quantity 
of  heat  Q  developed  in  the  boiler  may  be  expressed  by 

Q  =  58-4  P. 

Unconfined  Detonation. — When  the  explosive  detonates  unconfined,  Q  is  the 
quantity  of  heat  developed  by  the  detonation.  Indeed,  this  is  confirmed  by  the 
following  experiments,  made  with  substances  whose  mode  of  unconfined  detonation 
may  be  considered  as  well  known. 


Nature 

of  Explosive. 

Weight  of 
Explosive. 

Grains. 

Pressure 
Coll 

Metres. 

of  Water 

mm. 

Inches. 

Q 

deduced 

for 
l,543-2grs. 

Q 

theoretical 

for 
1,543-2  grs. 

Nitromannite 

385-8 

0-61 

24-02 

142-0 

145-0 

Dynamite  No. 

1  (Vonges) 

771-6 

0-83 

32-68 

97-0 

97-2  (*) 

90    dynamite, 

10  nit.  of  amm. 

385-8 

0-41 

16-14 

96-0 

91-3 

80          do.     , 

20           do. 

385-8 

0-38 

14  96 

89-0 

85-4 

70          do.     , 

30           do. 

385-8 

0-34 

13-39 

79-0 

79-4 

60          do.     , 

40          do. 

463-0 

0-36 

1417 

70-0 

73-5 

The  agreement  between  the  numbers  in  the  two  last  columns  is  very  satisfactory, 
if  the  inevitable  uncertainties  of  the  experiments  be  considered,  no  attempt  being 
made  to  secure  the  precision  of  which  they  might  be  susceptible. 

Detonation  in  Resisting  Vessels. — When  the  explosive  was  fired,  stemmed  in  a 
resisting  metallic  tube,  it  was  shewn,  in  the  first  report,  that  the  quantity  of  heat 
communicated  to  the  air  in  the  boiler,  at  the   precise  moment   immediately  after 

(a)  For  this  and  the  following  explosives,  the  theoretical  quantities  of  heat  have  been  calculated 
on  the  assumption  that  the  heat  communicated  to  the  inert  earth  of  the  dynamite  is  not  immediately 
restored  to  the  surrounding  air. 
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the  detonation,  was  equal  to  the  heat  of  detonation,  less  that  transformed  into 
mechanieal  work  represented  by  the  bursting  of  the  tube  and  the  projection  of  its 
fragments. 

To  deduce  from  the  quantity  of  heat  q  observed  in  the  air  calorimeter,  the  quantity 
of  heat  Q  actually  developed  by  the  detonation,   it  would  be  necessary  to  know 

q 

the  ratio   —  .     This  ratio  necessarily  varies  with  the  nature  aud  dimensions  of 

Q 

the  tube.     It  also  varies  with  the  nature  of  the  explosive.     The  following  table, 
however,  shews,  at  least  with  explosives  whose  mode  of  action  is  not  too  unlike,  that 
q 
-Q-  remains,  with  the  same  tube,  almost  independent  of  the  nature  of  the  explosive. 

The  experiments  mentioned  in  this  table  have,  moreover,  been  made  with 
substances  whose  detonation,  it  may  be  assumed  with  certainty,  was  complete  in 
the  metallic  tube,  so  that  Q  was  known  with  exactitude. 


Nature 

of  Explosive. 

Weight 

of 
Explo- 
sive. 

Grains. 

P. 

Pressure  of 
Water  Column. 

Q 

deduced 

for 
1,543-2 
grains. 

Q 

theoretical 

for 

1,543-2 

grains. 

Q 
Q 

3 

Q 

Average. 

Metres.  |  Inches. 

1.  Tin  Tubes  of  0*98  inch  and  T22  inches. 


Dynamite 

771-6 

0  69 

27-17 

81 

97-2 

•83 

1 

80  dyn.,  20  nitrate 

771-6 

0-59 

23-23 

69 

85-4 

■80 

1-80 

70  do.  ,  30    do 

771-6 

0-53 

20-87 

62 

79-4 

•78 

J 

2.  Tin  Tubes  of  0-98  inch  and  157  inches. 


Dynamite 

771-6 

0  52 

20-47 

61 

97-2 

•63 

1 

90  dyn.,  10  nitrate 

80  do.  ,  20    do 

771-6 
771-6 

0-52 
0-51 

20-47 

20-08 

61 
60 

91-3 

85-4 

•66 
•69 

^•67 

70  do.  ,  30    do 

771-6 

0-47 

18-50 

55 

79-4 

•69 

J 

3.  Tin  Tubes  of  0-98  inch  and  177  inches. 


Dynamite    ... 

70  dyn.,  30  nitrate. 


771-6 
771-6 


0-48 
0-44 


18  90 
17-32 


56 
51-4 


97-2 
79-4 


•65 


h 


4.  Lead  Tdbes  of  118  inches  and  1'38  inches. 

!  Dynamite 

771-6 

0-56 

22-05 

65-4 

97-2 

•67 

•67 

5.  Lead  Tubes  of  1'26  inches  and  1*65  inches. 

Dynamite 

771-6 

0  46 

18-11  j       53-8 

97-2 

•55 

•55 
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Experiments  of  this  nature  can,  however,  only  be  approximate,  forithas  been  shewn 
that  the  quantity  of  heat  transformed  into  work  varies  with  the  manner  in  which 
the  explosive  is  charged  into  the  tube,  and,  however  great  the  care  with  which  it 
is  placed  therein,  it  is  impossible  to  be  certain  that  the  charging  has  always  been 
made  in  the  same  manner. 

However,  it  will  be  seen  that,  at  least  with  the  explosives  with  which  the 
experiments  have  been  made,  account  can  be  taken  in  a  sufficiently  precise  way 
of  the  manner  in  which  an  explosive  detonates  in  a  tube,  or,  to  speak  more  exactly, 
of  the  quantity  of  heat  which  it  thus  develops  on  detonating,  by  multiplying  the 

quantity  of  heat  observed  q,  by  the  inverse  of  the  ratio  -iL   as  shewn  in  the  pre- 
ceding table,  and  corresponding  to  the  tube  employed. 


Experimental  Researches. 
When  the  explosive  wave  is  propagated  through  a  medium  susceptible  of  its 
transmission,  this  propagation  is  accompanied  with  certain  chemical  reactions 
which  constitute  what  is  called  the  decomposition  of  the  explosive.  To  examine 
the  mode  of  this  decomposition,  it  is  necessary  to  distinguish  two  classes  of 
explosives  : 

1. — Simple  explosives,  or  those  formed  of  one  chemical  substance  only; 
2. — Dual  or  multiple  explosives,  formed  of  an  intimate  mixture  of  two  or 
more  substances. 

Each  of  these  two  classes  will  be  examined  in  succession. 


/. — Simple  Explosives. 

When  the  simple  explosive  contains  enough  oxygen  for  its  complete  combustion, 
it  is  known  that  the  mode  of  decomposition,  under  the  influence  of  the  explosive 
wave,  usually  corresponds  to  complete  combustion. 

The  experiments  just  reported  as  regards  nitromannite  and  dynamite,  shew 
indeed  a  perfect  agreement  between  the  quantity  of  heat  deduced  by  this  rule 
and  that  which  has  been  experimentally  observed. 

Nitrate  of  ammonia  should,  as  an  explosive,  be  ranked  in  this  category.  But 
this  substance  is  much  less  susceptible  of  detonation  than  the  former,  and  it 
should  not  even  be  assumed  that  its  detonation  has  yet  been  directly  ascertained. 
By  using  it  in  a  dry  and  powdered  condition,  and  stemming  it  in  a  tin  tube  of 
098  inch  and  T77  inches  diameter,  true  detonation  of  a  cartridge  of  77T6  grains 
has  been  obtained,  under  the  action  of  a  detonator  containing  23"15  grains  of 
fulminate.  The  quantity  of  heat  disengaged  was  about  27  calories  per  1 , 543 '2  grains, 
although  theory  requires  38  calories  for  the  mode  of  decomposition  represented 
by  the  formula 

N2  H4  03  =  N2  +  2  (H2  0)  +  0. 

The  explosive  wave,  therefore,  has  not  travelled  all  over  the  cartridge,  or  rather 
another  mode  of  decomposition  has  been  produced.  Mr.  Berthelot,  It  is  well- 
known,  laid  particular  stress  on  the  numerous  modes  of  decomposition  which  can 
occur  with  nitrate  of  ammonia. 

When  the  explosive  does  not  contain  enough  oxygen  for  the  complete  combustion 
of  all  its  elements,  the  mode  of  decomposition  which  the  explosive  wave  may 
produce  is  little  known.  If  the  explosive  contains  carbon,  and  if  the  oxygen  is 
insufficient  to  burn  it  entirely  to  the  state  of  carbon  monoxide,  it  may  be  assumed 
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that  the  oxygen  is  altogether  used  in  the  formation  of  carbon  monoxide,  the  rest  of 
the  carbon  remaining  free.  This  mode  of  decomposition  is  expressed  by  the 
formula 

CP  H2q  Or  N.,„  =  rCO  +  Cp_r  +  HM  +  N„. 

This  mode  of  decomposition  has  been  observed  by  Messrs.  Berthelot  and  Vieille 
for  nitrate  of  diazobenzol,  if  the  secondary  products,  which  may  be  attributed  to 
reactions  subsequent  to  detonition,  are  neglected. 

When  the  oxygen  is  more  than  sufficient  to  transform  all  the  carbon  into 
carbon  monoxide,  the  excess  of  oxygen  is  divided  between  the  carbon  monoxide  and 
the  hydrogen,  according  to  a  still  unknown  law.  Messrs.  Mallard  and  Le  Chatelier 
have  shewn,  in  the  note  affixed  to  the  previous  report  (*),  that  whatever  this  law 
may  be,  it  is  somewhat  near  the  truth  to  assume  that,  in  this  case,  the  quantity  of 
hydrogen  remaining  free  after  the  decomposition  is  the  mean  between  the 
minimum  and  maximum  quantities  which  it  is  permitted  to  assume. 

When  the  gases  produced  by  the  decomposition  of  the  explosive  are  combustible, 
they  may  happen  to  burn  in  the  external  air.  At  the  same  time  this  combustion, 
subsequent  to  the  true  detonation,  does  not  occur  in  all  cases.  Indeed,  the 
Commission  has  not  proved  the  combustion,  by  the  external  air,  of  the  gases 
produced  by  unconfined  detonation,  of  endecanitric  cellulose  (military  gun-cotton), 
although  it  has  proved  this  phenomenon  for  the  gases  produced  by  the  unconfined 
detonation  of  nononitric  (mining)  and  octonitric  cellulose. 

The  Commission,  moreover,  has  proved  that  a  reduction  of  the  temperature  of 
the  gases  of  the  detonation  can  suppress  this  ulterior  combustion.  Indeed,  if  the 
gases  yielded  by  the  detonation  of  octonitric  cotton  happen  to  burn  in  the  air,  when 
they  are  detonated  without  a  resisting  envelope,  they  no  longer  burn  when  the 
detonation  occurs  in  a  tin  tube  of  0*98  inch  and  1*57  inches,  or  even  in  a  tin  tube 
of  0'98  inch  and  122  inches  diameter.  The  detonation  is  even  imperfect  under 
these  conditions.     This  is  shewn  in  the  following  table  : — 


Nature 

of 

Explosive. 

Method 
of  using  the 
Explosive. 

O     . 

O  60 

I 

9 

.2  "5 

Pressure  of 
Water  Column. 

■O       o5 

o      to 

■o  o  . 
£<i-ico 

•=>  s 

<y   ih 

i       2 
3  g  60 

CS  T3  CO 

o  a>  -v 

Metrs. 

Inches. 

Calories. 

Grs. 

Grs. 

Octonitric  cotton 

Exposed 

463-0 

23-15 

0-52 

20-47 

100 

72  (f) 

Do.          do. 

Tin  tube  0'98  inch 
and  1"22  inches 

771-6 

23-15 

0-39 

15-35 

53 

72 

Do.          do. 

Tin  tube  0'98  inch 
and  1*57  inches 

771-6 

23-15 

0-28 

11-02 

52 

72 

2. — Dual  Explosives. 
Two  principal  classes  can  be  distinguished  in  which 

1. — The   gases   produced  by  the   simultaneous   decomposition   of    two   mixed 
substances  are  incapable  of  mutual  reaction  ; 

(*)  See  page  57. 

(f)  This  number  is  reduced  to  63  if  it  is  assumed,  as  is  not  improbable,  that  the  decom- 
position under  the  influence  of  the  explosive  wave  entails  the  complete  combustion  of  the  hydrogen 
of  the  octonitric  cotton. 
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2. — The  gases  produced  by  the  simultaneous  decomposition  of  two  substances 

are  capable  of  mutual  reaction. 
In  each  of  these  classes,   unconfined   detonation  without  an   envelope,    and 
detonations  in  a  more  or  less  resisting  envelope,  should  be  noted. 

First  Class — The  Gases  of  the  Detonation  are  Incapable  of  Mutual  Reaction. 
The  Commission  examined  mixtures  of  dynamite  and  nitrate  of  ammonia,  as 
as  well  as  those  of  dynamite  and  ammonia  alum. 

Mixtures  of  Dynamite  and  Nitrate  of  Ammonia. 
1. — Unconfined  Detonation — Unconfined    detonation    in    the   boiler   has   been 
effected  with  mixtures  in  which  nitrate  of  ammonia  is  found  in  gradually  increasing 
proportions,  beginning  with  10  per  cent.     The  results  are  classified  in  the  following 
table  : — 


Nature  of  Explosive. 

Weight 
of 

Cartridge. 

Grains. 

Pressure  of 
Water  Column. 

Q 

deduced 

for 
1,543-2  grs. 

Q 

calculate 

for 
1,543-2  grs. 

Metres. 

Inches. 

Calories. 

10  dynamite,  90  nitrate 

7716 

0-08 

315 

94 

44 

20       do.         80     do. 

7716 

0-17 

6  69 

20 

50 

20       do.         80     do. 

7716 

0-24 

9-45 

28 

50 

30       do.         70     do. 

7716 

0-30 

11-81 

35 

56 

40       do.         60     do. 

771-6 

0-45 

17-72 

53 

62 

50       do.        50     do. 

771-6 

0  53 

20  87 

61 

68 

60       do.         40     do. 

463  0 

0-36 

1417 

70 

73 

Note.— In  all  these  experiments  the  detonator  contained  23-15  grains  of  fulminate. 

It  is  seen,  by  this  table,  that  complete  decomposition  of  the  explosive  only  occurs 
with  mixtures  containing  more  than  50  per  cent,  of  dynamite.  With  other 
mixtures,  the  decomposition  increases  with,  and  in  a  sensibly  proportional  ratio, 
to  the  proportion  of  dynamite. 

In  this  last  case,  it  does  not  happen  that  the  decomposition  of  the  explosive 
approximates  notably  to  the  theoretical  decomposition,  by  increasing  the  charge 
of  fulminate.  Indeed,  the  mixture  of  20  per  cent,  of  dynamite  with  80  per  cent, 
of  nitrate,  under  the  influence  of  61*73  grains  of  fulminate,  has  given  a  pressure 
equal  to  9 '84  inches  of  water;  scarcely  different  from  the  pressure  of  9 '45  inches 
of  water  obtained  with  23  "15  grains  of  fulminate. 


2. — Detonation  in  Resisting  Vessels. — By  detonating  a  cartridge  of  771'6  grains  of 
the  mixture  of  20  of  dynamite  and  80  of  nitrate  in  a  tin  tube  of  0  98  inch  and 
1*22  inches,  a  pressure  of  8-66  inches  of  water  is  obtained,  which,  taking  into 
account  the  amount  of  heat  converted  into  work,  corresponds  to  32  calories. 
Unconfined,  28  calories  were  found,  which  is  almost  the  same. 

By  detonating  a  cartridge  of  771 '6  grains  of  the  same  mixture  in  a  tin  tube  of 
0-98  inch  and  1*57  inches,  53  calories  were  obtained,  which  corresponds  almost 
exactly  to  the  complete  decomposition  of  the  dynamite  and  of  the  nitrate. 
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The  decomposition  which,  unconfined  and  in  the  tube  of  0"98  inch  and  1  *22  inches, 
occurs  almost  in  the  same  manner  and  remains  incomplete,  becomes,  therefore, 
complete  in  the  tube  of  0*98  inch  and  1*57  inches  diameter. 

Various  Mixtures. 
The  Commission  tried,  under  the  same  conditions,  the  detonation  of  a  mixture 
of  67  of  dynamite  and  33  of  ammonia  alum.  The  quantity  of  heat  required  for  the 
de-hydration  of  the  ammonia  alum  is  about  350  calories  per  kilogramme.  Com- 
plete detonation  of  the  dynamite,  and  complete  de-hydration  of  the  alum  in  the 
mixture  in  question,  would  give  53  calories  per  1,543*2  grains  ;  the  detonation  of 
the  dynamite,  the  alum  remaining  unaltered,  would  give  66  calories. 

Unconfined  detonation  has  given  52  calories,  which  would  accord  with  the  total 
de-hydration  of  the  alum.  But  it  is  very  probable  that  this  is  a  mere  coincidence, 
and  that  the  unconfined  detonation  is  only  incomplete,  for  in  the  tin  tube  of  0*98 
inch  and  1*57  inches  diameter,  the  detonation  has  given  71  calories,  that  is  to  say, 
very  nearly  equal  to  the  amouut  of  heat  corresponding  to  the  detonation  of  the 
dynamite,  without  the  diminution  which  should  accompany  the  de-hydration  of 
the  alum. 

The  ammonia  alum  has,  therefore,  not  had  time  for  de-hydration,  at  least  to  any 
material  extent,  during  the  detonation  of  the  dynamite,  even  when  the  detonation 
occurs  in  a  vessel  with  resisting  sides.  Doubtless  it  would  be  quite  otherwise  in 
a  vessel  completely  closed  and  of  invariable  capacity. 

It  may  be  now  mentioned  that  the  Commission  arrived  at  the  conclusion  that 
even  in  tin  tubes  of  0*98  inch  and  1'57  inches  diameter,  the  mixtures  of  dynamite 
and  sal-ammoniac  detonate  without  causing,  to  any  notable  degree,  the  decom- 
position of  the  sal-ammoniac. 

Recapitulating,  it  seems  to  follow  from  the  preceding  facts,  that  when  a  mixture 
of  several  substances,  whose  products  of  decomposition  have  no  mutual  reaction,  is 
detonated,  the  substances  which  are  not  explosive,  that  is  to  say,  whose  decom- 
position absorbs  heat,  are  only  decomposed  during  the  propagation  of  the  explosive 
wave ;  and  that  their  decomposition  only  occurs  on  detonation  in  a  closed  vessel. 

With  mixtures  of  dynamite  and  nitrate  of  ammonia,  the  decomposition,  uncon- 
fined or  in  tin  tubes  of  0*98  inch  and  1*22  inches  diameter,  is  only  complete  when 
the  proportion  of  dynamite  exceeds  50  per  cent.  On  the  other  hand,  it  is  complete 
in  tin  tubes  of  0*98  inch  and  1'57  inches  diameter,  at  least  when  the  proportion  of 
dynam       equals  or  exceeds  20  per  cent. 

Second  Glass. — The  Gases  from  the  Detonation  are  Capable  of  Mutual  Reaction. 

The  Commission  experimented  with  a  great  number  of  mixtures  formed  by 
adding  nitrate  of  ammonia  to  a  combustible  substance,  or  to  one  decomposing  by 
detonation  into  combustible  products. 

Unconfined  Detonation. 

Mixtures  of  Octonitric  Cotton  and  Nitrate  of  Ammonia. — The  annexed  table 
gives  the  results  obtained  by  the  unconfined  detonation  of  mixtures,  in  various 
proportions,  of  octonitric  cotton  and  nitrate  of  ammonia. 

It  is  interesting  to  compare  the  amounts  of  heat  directly  observed  with  those 
which  have  been  calculated  on  the  hypothesis  where  the  two  mixed  substances 
are  simultaneously  decomposed  by  the  explosive  wave,  and  the  products  of  that 
decomposition,  one  a  supporter  of  combustion,  the  others  combustible,  do  not 
mutually  react.     Indeed,  it  is  proved  that,  as  long  as  the  cotton  is  not  in  excess, 
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that  Is  to  say,  does  not  exceed  60  per  cent.,  the  maximum  amounts  of  heat,  which 
appear  to  correspond  to  the  limit  of  detonation,  and  which  have  been  observed 
with  a  given  mixture  by  causing  detonation  with  very  powerful  detonators,  are  equal 
to  the  calculated  quantities  of  heat.  It  appears,  therefore,  as  if  the  explosive 
wave  provoked  the  decomposition  of  the  two  mixed  explosive  substances,  without 
the  gases  resulting  from  that  decomposition  having  time,  before  being  dispersed  in 
the  surrounding  air,  for  mutual  reaction. 


UNCONFINED   DETONATION. 


Nattee  of  Explosive. 


Pressure 
of  Water 
Column. 


Metres.  Inches. 


-  _' 


Remarks. 


10      octo.  cotton,  90  nitrate 
15  do.        ,85      do. 

20  do.       ,  80      do. 


20 


40 
60 
70 
80 
90 
100 


do. 


do. 
do. 
do. 
do. 
do. 

do. 

do. 

do. 
do. 
do. 
do. 
do. 
do. 


,  80  do. 

,  80  do. 

,  80  do. 

,  80  do. 

,  80  do. 

,  75  do. 

,  70  do. 

,  65  do. 

,  65  do. 

60  do. 

40  do. 

30  do. 

20  do. 

10  do. 

0  do. 


Grns. 
771-6 

385-8 
771-6 

463-0 

771-6 

771-6 
771-6 
385-8 
771-6 
385-8 

463-0 

771-6 

463-0 
463-0 
771-6 
463-0 
463-0 
463-0 


Grns. 
23-15 


0-25      9-84 
0-16       6-30 


23-15 

23-15 

23-15 

61-73 

46-30  j 
(t)  ] 
23-15 


23-15 

23-15 
23-15 
23-15 
23-15 
23-15 
23-15 


0-34 

0-38 
0-38 
0-21 
0-41 
0-20 

0-17 
0-43 


0-27 
0-35 
0-92 
0-63 


13-39 

14-96 
14-96 

8-27 
16-14 

7-87 


16-93 


107 


10-63 

13-78 

36-22 

24-80  '  123 
0-94  37-01  183 
0-59     23-23     115 


Substance  powdered. 

do.  do. 

<  Substance  compressed 
\     probably  damp. 

^Substance  powdered, 
(.     probably  damp. 

(  Substance  powdered, 
t    and  dry. 


do. 
do. 
do. 
do. 
do. 


do. 
do. 
do. 
do. 
do. 


(  Substance  powdered, 
\  probably  a  little  damp. 

(  Substance  compressed, 
X    dry- 

do.  do. 

do.  do. 

Substance  powdered. 
Substance  compressed. 

do.  do. 

Substance  powdered. 


When  the  proportion  of  octonitric  cotton  exceeds  60  per  cent.,  the  gases 
produced  by  the  decomposition  of  this  cotton  are  burnt  more  or  less  completely 
in  contact  with  air,  and  the  quantity  of  heat  observed  is  then  greater  than  that 
which  would  result  even  from  the  mutual  and  complete  reaction  of  the  oxygen  of 
the  nitrate  on  the  gaseous  products  of  the  decomposition  of  the  cotton. 

(*)  The  quantities  of  heat  in  this  column  are  calculated  on  the  hypothesis  of  the  decomposition 
of  two  mixed  substances,  without  ulterior  reaction, 
(t)  Two  detonators  of  23-15  grains  each. 
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Mixtures  of  Dinitro-benzol  and  Nitrate  of  Ammonia.— These  mixtures  are  formed 
by  mixing  the  dry  and  powdered  nitrate  with  the  melted  dinitro-benzol.  They 
have  given,  detonated  uncontined,  the  following  results  : — 


Nature  of  Explosive. 

Pressure  of 
Water  Column. 

•a  -i 

=  3  a 

"     2 

aw 

a  £  i- 

9A  S 

Metres. 

Inches. 

17-5  dinitro,  82 -5  nitr.  (Bellite) 

Do. 

Do. 
10  dinitro,  90  nitr 

Grs. 
771-6 

771-6 

771-6 

385-8 

Grs. 
23-15 

2315 

46-30 

(*) 
2315 

0-25 

028 

\  034 

016 

9-84 
11  02 
13-39 

6-30 

29 
33 
40 
37 

41 
41 
41 
39 

Note.— Substances  powdered. 

It  seems  as  if  the  limit  of  detonation  corresponded  to  simultaneous  decomposition, 
but  without  any  ulterior  mutual  reaction  of  the  products  of  that  decomposition. 


Mixtures  of  Picrate  and  Nitrate  of  Ammonia. — The  following  experiments  have 
been  made  on  dry  and  powdered  mixtures  of  picrate  and  nitrate  of  ammonia,  filled 
by  hand  into  paper  cylinders  : — 


Nature  of  Explosive. 

S  s 

Pressure  of 
Water  Column. 

^5  to 
OJ  >£> 

03 

■a1'3 

"S3 

03 

3  6 

"is 
o 

Metres. 

Inches. 

Grs. 

Grs. 

Picrate  (alone) 

771-6 

23-15 

0  00 

o-oo 

0 

56 

0 

60   picrate,  40  r 

itrate 

771-6 

23-15 

014 

551 

16 

49 

15 

50        do.      50 

do. 

771-6 

2315 

0-15 

5-91 

18 

47 

19 

40        do.      60 

do. 

771-6 

23-15 

019 

7-48 

22 

45 

23 

28        do.      72 

do. 

771-6 

23-15 

0-17 

6-69 

20 

43 

27 

20        do.      80 

do. 

771-6 

23-15 

0-23 

9  05 

27 

42 

30 

10        do.      90 

do. 

771-6 

23-15 

0  00 

0  00 

0 

40 

34 

This  table  shews  the  singular  fact  that  the  quantity  of  heat  disengaged  by  the 
explosion  increases  somewhat  regularly  with  the  proportion  of  nitrate,  and  that 
it  appears  as  if  the  explosive  wave  produced  the  decomposition  of  the  nitrate  alone 
without  producing  that  of  the  picrate. 

Various  Mixtures. — Cartridges  have  been  detonated  unconfined,  filled  with 
mixtures   of  nitrate  of  ammonia  with  various   combustible  substances,   but  not 

(*)  Two  detonators  of  23'15  grains  each, 
(t)  Assuming  the  simultaneous  decomposition  of  the  two  substances,  but  without  ulterior 
reaction. 
(})  Assuming  the  decomposition  of  the  nitrate  alone. 
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detonating  unconfined  by  the  action  of  detonators,  such  as  naphthaline,  resin,  coal- 
tar,  and  heavy  tar  oils.  The  unconfined  detonation  of  these  mixtures  is  very 
imperfect,  and  only  gives  very  small  pressures,  which  indicates,  at  least  in  the 
great  number  of  cases,  that  the  explosive  wave  dies  away  before  having  penetrated 
through  the  mass  of  the  explosive. 

Summary. — Briefly,  the  mixtures  formed  by  the  addition  of  various  combustible 
substances  (explosive  or  non-explosive)  to  nitrate  of  ammonia,  always  detonate 
unconfined  in  a  very  imperfect  manner.  Sometimes  the  explosive  wave,  originated 
at  one  point,  dies  away  before  having  penetrated  the  mass  of  the  explosive  ;  some- 
times it  appears  as  if  the  explosive  wave,  penetrating  through  the  cartridge,  limited 
its  effect  to  provoking  the  decomposition  of  the  explosive  substances  which  the 
mixture  contains,  the  gases  resulting  from  that  decomposition  being  dispersed 
before  any  mutual  reaction  takes  place. 


Detonation  in  a  Massive  and  Besisting  Vessel. 
The  effects  of  detonation  in  a  resisting  vessel  were  next  examined. 
Detonation  was  made  in  a  tin  tube  of  0'98  inch  and  1*22  inches  diameter,  with 
the  following  results  : — 

Detonation  in  a  Tin  Tube  of  0'98  inch  and  1-22  inches  diameter. 


Natuke  of  Explosive. 

c  to 
«  3 

D  — 

Pressure 

of 

Water  Column. 

o  to 

TJ     - 

-2  Sb 

Ol-l 

Remarks. 

Metres. 

Inches. 

20  octonit.,  80  nitrate       

Grs. 
771-6 

Grs. 
23-15 

0-34 

13-39 

Cal. 
50 

Cal. 
44 

Substance  powdered. 

90  octonit.,  10  nitrate       

463-0 

23-15 

0-27 

10-63 

66 

69(f) 

do. 

10  dinitro-benz.,  90  nitrate 

771-6 

23-15 

0-30 

11-81 

44 

39 

do. 

6  naphthaline,  94     do. 

771-6 

23-15 

0-26 

10-24 

38 

do. 

10  naphthaline,  90     do. 

771-6 

23-15 

0-28 

11-02 

41 

do. 

10  picrateof  am.,  90  do. 

771-6 

23-15 

0-22 

8-66 

32 

39 

do. 

20         do.           ,  80  do. 

771-6 

23-15 

0-30 

11-81 

.  40 

41 

do. 

28         do.           ,72  do. 

771-6 

23-15 

035 

13-78 

51 

43 

do. 

40         do.           ,60  do. 

771-6 

23-15 

0-35 

13-78 

51 

45 

50         do.           ,  50  do. 

771-6 

23-15 

0-34 

13-39 

50 

47 

60         do.           ,  40  do. 

771-6 

23-15 

0-30 

11-81 

40 

49 

100         do.           ,    0  do. 

771-6 

23-15 

0-13 

5-12 

19 

56 

8  coal  tar          ,  92  do. 

771-6 

23-15 

0-27 

10-63 

39 

)  Heated  1  hour  to 
)      149°  F. 

12      do.              ,  88  do. 

771-6 

23-15 

0-09 

3-54 

13 

Not  heated. 

10  heavy  oil        ,  90  do. 

771-6 

23-15 

0-20 

7-87 

29 

With  mixtures  of  octonitric  cotton  and  dinitro-benzol,  detonation  is  effected 
in  a  tin  tube  of  0-98  inch  and  1*22  inches  diameter,  almost  in  the  same 
manner  as  when  unconfined ;    mutual   reaction   of   the   products   of  detonation 

(*)  The  quantities  of  heat  are  calculated  on  the  hypothesis  of  the  simultaneous  decomposition 
of  two  substances  without  ulterior  reaction. 

(t)  61  calories,  when  the  complete  oxidation  of  the  hydrogen  of  the  octonitric  cotton  is  assumed. 
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does  not  appear  to  be  produced,  doubtless  on  account  of  the  insufficient  resistance 
opposed  to  the  expansion  of  the  gases.  It  will  be  remarked  that  the  gases 
resulting  from  decomposition  of  the  mixture  of  00  cotton  and  of  10  nitrate, 
are  not  ignited  on  contact  with  air,  as  was  the  case  after  detonation  without 
covering. 

Mixtures  of  naphthalene  and  nitrate,  which  do  not  detonate  unconfined,  detonate 
by  disengaging  an  amount  of  heat  which  may  be  considered  as  equal  to  that  which 
the  decomposition  of  the  nitrate  alone  would  disengage. 

The  amount  of  heat  disengaged  by  the  mixture  of  8  coal-tar  and  of  92 
nitrate,  is  very  little  more  than  would  be  given  off  from  the  decomposition  of 
the  nitrate  alone,  and  which  is  equal  to  35  calories. 

The  amount  of  heat  given  off  by  the  mixture  of  10  heavy  oil  and  of  90 
nitrate,  is  a  little  less  than  that  (36  calories)  which  the  decomposition  of  the 
nitrate  alone  would  disengage. 

With  mixtures  of  picrate  and  nitrate  of  ammonia,  the  quantities  of  heat 
disengaged  are  generally  slightly  greater  than  those  resulting  from  simultaneous 
decomposition  without  mutual  reaction.  Most  of  the  tubes  were  completely 
shattered,  and  there  remained  in  the  boiler  only  the  end  containing  the 
stemming  placed  above  the  explosive.  The  ends  of  the  tubes  containing  the 
mixtures  of  10  and  90,  and  of  60  and  40  were,  however,  from  "4  to  '8  inches  longer 
than  the  stemming,  shewing  that  the  bottom  of  the  cartridge  had  not  detonated. 
With  these  mixtures  the  amounts  of  heat  observed  were  less  than  the  amount 
which  would  result  from  simultaneous  decomposition  without  mutual  reaction. 

The  results  obtained  by  detonation  in  the  tin  tube  of  0'98  inch  and  1*57 
inches  diameter,  are  very  different  from  the  preceding,  as  the  annexed  table 
shews: — 

Mixtures  of  octonitric  cotton  and  diuitro-benzol,  on  detonation  in  tubes  of  0'98 
inch  and  1*57  inches  diameter,  yield  amounts  of  heat  corresponding  to  complete 
detonation. 

With  mixtures  of  mononitronaphthalene,  naphthalene,  or  picrate,  the  amounts 
of  heat  are  usually  much  greater  than  those  which  correspond  to  the  decom- 
position of  the  nitrate  of  ammonia,  or  to  the  simultaneous  decomposition  of  the 
two  substances,  but  they  are  more  or  less  inferior  to  those  which  would  result 
from  complete  detonation. 

With  mixtures  of  picrate,  except  with  those  which  contain  10,  20,  or  60 
of  picrate,  it  is  certain  that  the  metallic  tubes  were  completely  shattered  in  all  the 
part3  containing  the  explosive,  which  appears  to  indicate  that  all  the  cartridge 
has  detonated,  although  the  amounts  of  heat  observed  are  very  much  less  than 
those  which  should  have  been  developed  if  the  mutual  reactions  of  the  gases 
produced  had  occurred  in  their  entirety. 

With  mixtures  of  coal-tar  and  of  heavy  oils,  the  amounts  of  heat  disengaged  are 
scarcely  above  those  which  would  result  from  the  decomposition  of  the  nitrate 
alone. 

Lastly,  experiments  were  made  in  tin  tubes  of  0-98  inch  and  1'77  inches  ;  the 
results  were  not  very  different  from  those  obtained  with  tubes  of  0*98  inch  and  1*57 
inches  diameter. 

STUDY  OF  EXPLOSIVES  AFFORDING  GUARANTEES  OF  SAFETY. 

The  Commission,  in  its  previous  report,  laid  down  the  principles  which  ought 
to  guide  the  search  for  explosives  calculated  to  secure  the  safety  of  fiery  mines. 
The  experiments  made  since  the  publication  of  that  report  have  confirmed 
these  principles,  and  allowed  of  their  extension  on  certain  points. 
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Detonation  in  Tin  Tubes  op  0'98  inch  and  1-57  inches  diameter. 


Nature  of  Explosive. 

°  to 

So 

•SPS 

£1 

Pressure 
of  Water 
Column. 

Tj  to 
3  c^ 

Remarks. 

"5  ^ 

£5 

T3  --* 

■o„- 

~3.    "^ 

Metres. 

Inches. 

10 

octo.  cotton,  90  nitrate 

Grs. 
771-6 

Grs. 
23-15 

0-27 

10-63 

49 

(*) 

59 

f  Powdered,  prob- 
i  ably  a  little  damp. 

15 

do.       ,85     do. 

385-8 

23-15 

0-20 

7-87 

72 

70 

Po  wdered,very  dry. 

20 

do.       ,80     do. 

385-8 

23-15 

0-21 

8-27 

84 

80 

do. 

30 

do.       ,  70     do. 

771-6 

23-15 

0-42 

16-54 

75 

88 

do. 

60 

do.       ,40     do. 

463-0 

23-15 

0-30 

xl-81 

90 

96 

do. 

80 

do.       ,20     do. 

463-0 

23-15 

0-28 

11-02 

84 

82 

do. 

90 

do.       ,10     do. 

463-0 

23-15 

0-23 

9-05 

69 

76 

do. 

17 

dini.-ben. ,  83  nit.  (Bellite)     . . . 

771-6 

23-15 

0-51 

20-08 

95 

100 

do. 

10 

do.       ,90  do. 

385-8 

23-15 

0-18 

7-09 

65 

74 

do. 

9 

mononitronaph.,  91  nit. 

771-6 

23-15 

0-42 

16-54 

75 

97 

do. 

6 

naphthalene,  94  nitrate 

771-6 

23-15 

0-38 

14-96 

68 

94 

do. 

10 

do.        ,  90    do. 

771-6 

23-15 

0-29 

11-42 

52 

92 

do. 

10 

picrate,  90  nitrate        

771-6 

23-15 

0-22 

8-66 

40 

60 

do. 

20 

do.   ,  80     do.           

771-6 

23-15 

0-31 

12-20 

56 

83 

do. 

28 

do.   ,  72     do.           

771-6 

23-15 

0-31 

12-20 

56 

100 

do. 

40 

do.    ,  60     do.           

771-6 

23-15 

0-36 

14-17 

65 

94 

do. 

50 

do.    ,50     do.           

771-G 

23-15 

0-30 

11-81 

54 

90 

do. 

60 

do.   ,  40     do.           

7716 

23-15 

0-27 

10-63 

48 

85 

do. 

100 

do.    ,    0     do.           

771-6 

23-15 

0-16 

6-30 

28 

8 

coal  tar,  92     do.           

771-6 

23-15 

0-23 

9-05 

41 

f  Heated  1  hour  to 
1 149°  F. 

12 

do.    ,88     do.           

771-6 

23-15 

0-12 

4-72 

22 

Not  heated. 

10 

heavy  oil,  90  do.          

771-6 

23-15 

021 

8-27 

38 

... 

rni. 

r\ 

1          i-l~„ 

t- . 

The  Commission  ascertained  that  explosives  detonating  in  metallic  tubes, 
only  cease  to  ignite  the  most  explosive  fire-damp  mixtures  when  the  work  imposed 
on  the  eases  resulting  from  detonation  is  sufficient  to  reduce  their  theoretical 
temperature  below  3,992  degs.  F. 

Hence  it  is  concluded  that  explosives  for  use  in  fiery  mines  should  be  sought 
for  among  those  whose  temperature  of  detonation  is  less  than  this  figure,  and  whose 
gases  are  not  combustible  after  decomposition.  Among  the  simple  explosives, 
nitrate  of  ammonia  is  the  only  one  now  known  which  satisfies  this  double 
condition  ;  but  this  substance,  as  has  been  seen  above,  detonates  only  imperfectly 
when  it  is  alone,  and  its  explosive  force  is  inconsiderable.  Therefore,  it  is 
necessary  to  resort  to  dual  explosives. 

From  the  composition  of  the  dual  mixtures  capable  of  employment,  the  Commis- 
sion has  discarded  the  use  of  substances,  which,  non-explosive  in  themselves,  are  not 
combustible.     Indeed,  these  substances,  as  has  been  previously  mentioned,  do  not 

(*)  The  amounts  of  heat  are  calculated  on  the  hypothesis  that  after  the  decomposition  of  the  two 
substances,  the  gases  react  completely  one  on  the  others. 
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decompose  under  the  influence  of  the  explosive  wave.  When  detonated  uncon- 
fined, they  act,  therefore,  only  by  cooling  the  gases  by  reason  of  their  capacity  for 
heat,  and  this  necessitates  their  employment  in  great  excess.  But  on  detonation  in  a 
closed  vessel,  the  decomposition  as  soon  as  it  starts  absorbs  a  great  amount  of  heat, 
and  diminishes  the  explosive  force  too  much. 

Dual  mixtures  of  two  classes  are,  therefore,  necessarily  used.  Either  the 
two  mixed  substances  are  both  explosive  and  supporters  of  combustion  ; 
or  else  one  of  the  substances  being  explosive  and  a  supporter  of  combustion, 
the  other,  explosive  or  non-explosive,  is  capable  of  being  burnt  by  the  excess  of 
oxygen,  yielded  by  the  decomposition  of  the  first. 


Mixtures  of  two  Combustion- Supporting  Substances. 

Mixtures  of  Dynamite  and  Nitrate  of  Ammonia. — The  only  explosives  now 
known  which  decompose  with  excess  of  oxygen  are  nitro-glycerine,  nitromannite, 
and  nitrate  of  ammonia.  The  temperature  of  detonation  of  nitro-glycerine  is  about 
5,702  degs.  F  ;  that  of  nitromannite  is  almost  the  same.  It  is,  therefore,  impossible 
to  use  these  explosives  alone,  or  mixed  together.  Moreover,  nitromannite  is  a 
substance  whose  price  is  rather  high.  Thus  the  only  mixtures  which  can  be  tried 
are  those  of  nitro-glycerine  and  nitrate  of  ammonia.  For  these  trials  the  Com- 
mission has  always  used  nitro-glycerine  in  the  state  of  dynamite,  that  is  to  say, 
mixed  with  25  per  cent,  of  absorbent  silica. 

In  its  manufacture  on  a  large  scale,  endeavours  should  be  made  to  dispense  with 
the  silica,  and  to  use  the  nitrate  of  ammonia  as  the  absorbent  body,  without  risk 
of  finding,  under  the  influence  of  the  atmospheric  moisture,  the  water  expelling 
the  nitro-glycerine  from  the  nitrate,  thus  causing  the  latter  to  exude,  and  making 
the  explosive  dangerous  to  handle. 

It  was  shewn  in  the  previous  report  that  the  mixture  of  dynamite  and  of  nitrate 
of  ammonia,  whose  temperature  of  detonation  is  about  3,992  degs.  F.,  contains  60 
parts  of  dynamite  and  40  parts  of  nitrate.  This  mixture  and  all  those  containing 
a  greater  proportion  of  nitrate,  may  be,  therefore,  considered  as  possessing  a  certain 
degree  of  safety  in  presence  of  fire-damp  under  ordinary  usage,  that  is  to  say, 
when  they  explode  stemmed  (even  lightly)  in  shot-holes.  Indeed,  a  cartridge  of 
772  grains,  containing  60  parts  of  dynamite  and  40  parts  of  nitrate,  has  been 
exploded  unconfined  in  a  mixture  of  air  and  fire-damp  without  producing  ignition 
of  the  explosive  mixture.  This  fact  is  a  strong  confirmation  of  the  theories 
enunciated  by  the  Commission,  that  this  mixture  detonates  completely  when 
unconfined,  as  has  been  shewn  above,  and  that  the  cartridge  has  certainly 
developed,  in  the  midst  of  gas,  the  temperature  of  3,992  degs.  F.,  or  a  temperature 
very  near  it. 

Safety  in  the  use  of  explosives  stemmed  in  the  bottom  of  a  shot-hole  is  evidently 
of  the  greatest  importance,  for  it  must  be  laid  down,  as  an  absolutely 
imperative  rule,  that  explosives  shall  never  be  used  otherwise,  and  that  in  no  case 
and  under  no  pretext  should  they  ever  be  exploded  without  covering  when 
unconfined.  However,  it  may  be  feared  that  this  rule,  which  should  be  so 
imperative,  may  happen  to  be  broken,  either  by  a  clumsy  fault  of  a  workman,  or 
by  an  accident,  no  doubt  rather  difficult  to  imagine,  but  which  is  by  no  means 
impossible  in  fact,  and  which  it  is  proper  to  provide  for. 

The  experiments  of  the  Commission,  agreeing  with  the  Prussian  experiments, 
have  shewn  that  the  detonation  of  explosives  without  covering  gives  rise  to 
phenomena  which  are  not  always  identically  reproduced.  If  substances 
whose  temperature  of  detonation    when   unconfined  is  above  3,992  degs.   F., 
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such  as  dynamite  or  mixtures  of  dynamite  and  of  nitrate  of  ammonia  containing  more 
than  60  parts  of  dynamite,  always  ignite  the  fire-damp  mixtures,  in  the  midst 
of  which  they  detonate  without  covering ;  mixtures  whose  temperatures  of  detonation 
are  below  3,992  degs.  F.  may,  detonating  under  the  same  conditions,  from 
causes  ill-defined,  and  which  even  appear  difficult  to  prevent,  produce  ignition  of 
the  gas.  Furthermore,  the  Commission  had  taken  great  care  to  point  out  "the 
complexity  and  the  lack  of  certainty  of  the  phenomena  which  may  attend  the 
detonation  of  unconfined  explosives."  (*) 

It  has  been  shewn  that,  as  regards  mixtures  of  dynamite  and  of  nitrate,  the 
unconfined  detonation  is  always  produced  under  well  defined  conditions,  as 
far  as  the  quantity  of  heat  developed.  There  are  irregularities  only  in  the 
phenomena  of  the  ignition  of  the  external  fire-damp  mixture.  It  seems,  therefore, 
possible,  if  not  very  probable,  that  these  irregularities  are  due  to  the  imperfection, 
almost  impossible  to  avoid  absolutely,  of  the  mixture  of  the  two  substances.  It  is 
imagined  that  a  portion  of  dynamite  may  detonate  alone  on  the  surface  of  the 
cartridge  and  cause  ignition  of  the  gas.  If  this  is  the  case,  there  would  be  more 
chances  of  ignition  the  greater  the  surface  of  the  cartridge,  that  is  to  say,  the  bigger 
the  cartridge.  There  would  also  be  more  chances  of  avoiding  ignition  when 
the  amount  of  nitrate  was  in  a  higher  proportion  than  that  of  the  dynamite.  These 
two  consequences  are  in  agreement  with  the  facts. 

To  determine  the  proportions  of  the  mixture  of  dynamite  and  nitrate  which  was 
suitable  for  the  use  of  workers  of  mines,  the  Commission  detonated,  unconfined, 
mixtures  in  which  the  proportion  of  nitrate  was  gradually  increased,  and  which 
each  time  was  placed  under  more  dangerous  conditions  by  increasing  the  weight 
of  the  cartridge.     The  following  results  have  thus  been  obtained  :— 


Natcre  of  Explosive. 

Cartridges  Weighing 

771-6  grains. 

1,543-2  grains. 

3,086-5  grains. 

60  dynamite,  40  nitrate 

1  expt.    N  (t) 

50        „         ,50      „ 

2  expts.  N 

1  expt.         I 

40        „         ,60      „ 

2  expts.  N 

1  expt.        I 

30        „         ,  70      „ 

1  expt.    N 

2  expts.     N 

2  expts.     N 

20        „         ,80      „ 

1  expt.    N 

5  expts.     N 

2  expts.     N 

Moreover,  it  was  found  that  a  cartridge  of  771*6  grains  of  the  mixture  of  20  of 
dynamite  and  80  of  nitrate  could  be  detonated  in  a  mixture  of  air  and  coal 
gas  without  ignitiDg  it. 

The  mixture  of  20  of  dynamite  with  80  of  nitrate,  and  even  the  mixture  of  30 
of  dynamite  with  70  of  nitrate,  may,  therefore,  be  considered  as  possessing  very 
high  guarantees  of  safety. 


(*)  See  page  43. 
(t)  N  signifies  non-ignition,  and  I  ignition  of  the  gaseous  mixture. 
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Moreover,  these  two  mixtures  constitute  powerful  explosives,  as  is  shewn  by  the 
following  table  : — 


Natore  or  Explosive. 

/        (*) 

W      (t) 

Dynamite          

30  dynamite,  70  nitrate         

20      do.        ,  80    do.              

8,490 
6,750 
6,260 

1,109 
600 
530 

The  pressure  obtained  in  a  closed  vessel,  by  the  mixture  of  20  of  dynamite  and  80  of 
nitrate,  with  equal  density  of  charging,  would  be,  therefore,  almost  0"74  of 
that  which  is  obtained  with  dynamite.  It  is  true  that  the  power  of  projection  would 
be  about  one-half,  but  this  is  an  element  which  plays  the  least  important  role 
in  mines. 

The  Commission  has  ascertained  that  these  explosives  detonate  completely  under 
the  action  of  plugged  caps  containing  only  7 '72  grains  of  fulminate. 


Mixtures  of  a  Gombustion-Supporting  Substance  and  a  Combustible  Substance. 

Mixtures  in  which  one  of  the  explosives  is  a  supporter  of  combustion,  and  the 
other  a  combustible  will  now  be  discussed.  The  excess  of  free  oxygen  in  the 
products  from  the  combustion-supporting  explosive,  being  always  small,  there  is  an 
inducement,  when  it  is  desired  to  achieve  a  complete  combustion,  which  is  one 
necessary  guarantee  of  security,  to  employ  a  considerable  proportion  of  that 
explosive.  With  dynamite  and  nitromannite  inadmissable  temperatures  of 
detonation  would  be  incurred.  The  only  combustion-supporting  explosive  which 
can  be  employed  is  nitrate  of  ammonia. 

As  regards  the  combustible  explosive,  on  the  contrary,  the  choice  is  very  great  ; 
resort  may  be  had  to  cellulose  more  or  less  nitrated,  to  dinitro-benzol,  to 
mononitronaphthalene,  to  nitrate  of  diazobenzol ;  and  to  various  solid  or  liquid 
hydrocarbons,  &c. 

Mixtures  of  Gun-cotton  and  Nitrate  of  Ammonia. — After  various  trials  the 
Commission  selected  octonitric  cotton,  yielding  about  173  cubic  centimetres  of 
dioxide  of  nitrogen  per  gramme  ("68  cubic  inches,  per  grain).  An  explosive  is 
thus  obtained  at  a  lower  price  than  if  a  higher  nitric  cotton  had  been  used,  and  it 
moreover  reduces  the  temperature  of  detonation. 

It  was  thought  desirable  to  use  these  mixtures  in  a  compressed  state,  for  their 
better  protection  against  moisture ;  but  special  experiments  have  shewn  that  as 
soon  as  the  compression  reached  25  atmospheres,  the  explosive  detonated  badly 
under  the  action  of  one  23  grain  detonator.  It  was  then  considered  sufficient  to 
force  the  substance  by  hand  into  paper  cylinders  coated  with  paraffin.  A  second 
covering,  also  of  paper  coated  with  paraffin,  completed  the  protection  of  the 
substance  against  moisture. 

The  complete  combustion  of  octonitric  cotton  is  obtained  with  a  mixture  of  30 
of  cotton  and  70  of  nitrate.  It  is,  therefore,  only  this  mixture  or  mixtures 
with    larger    proportions    of    nitrate    that    should    be    examined,    because    the 

*)  /  is  the  co-efficient  called  the  force  of  the  explosive  in  the  first  report. 

t)  Qfc  is  the  amount  of  heat  disengaged  by  the  detonation  of  1  kilogramme  of  the  substance. 
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condition  ought  to  be  imposed  that,  on  detonation  in  a  closed  vessel,  or  after 
stemming  at  the  bottom  of  a  shot-hole,  the  gases  from  the  detonation  shall  not  be 
combustible,  that  is  to  say,  should  contain  neither  hydrogen  nor  carbon  monoxide. 
Mixtures  more  or  less  rich  in  nitrate  (of  ammonia)  have  been  submitted  to 
various  trials  in  the  same  way  as  mixtures  of  dynamite  and  nitrate.  The 
results  have  been  as  follows  : — 


Nature  of  Explosive. 

Weight  of  Cartridge. 

771-6  grains. 

1,543-2  grains. 

3,086-5  grains. 

30  cotton,  70  nitrate      

20    do.    ,  80    do 

15    do.    ,  85    do.          

2  expts.  N 

1  expt.    N 
4  expts.  N 
1  expt.      I 

2  expts.    I 
2  expts.  N 

The  mixture  of  20  of  cotton  with  80  of  nitrate  affords  a  sufficient  degree  of 
safety,  but  the  safety  of  the  mixture  of  15  of  cotton  and  85  of  nitrate  is  still  higher  ; 
it  is  proper,  therefore,  to  recommend  this  mixture  or  mixtures  still  more  highly 
charged  with  nitrate. 

The  explosive  is  sufficiently  energetic,  as  shewn  by  the  following  : — 


Nature  of  Explosive. 

/ 

Qfc 

Dynamite 

20  cotton,  80  nitrate             

15     do.    ,  85     do. 

8,490 
7,610 
7,000 

1,109 
810 
700 

With  equal  density  of  charging  the  pressures  would  be,  for  the  mixture  of  15  of 
cotton  and  85  of  nitrate,  '83  of  the  pressures  given  by  dynamite.  The  amounts 
of  disposable  heat  are  in  the  proportion  of  '64  to  1. 

It  is  well  known  that  these  mixtures  detonate  badly  when  the  weight  of 
fulminate  in  the  detonator  is  less  than  23  grains. 


Mixtures  of  Dinitro- Benzol  and  Nitrate  of  Ammonia. — These  mixtures  are  made 
by  melting  the  dinitro-benzol  and  incorporating  in  it  very  finely  powdered 
nitrate  of  ammonia,  The  grains  of  nitrate  are  thus  in  a  manner  enclosed  by  the 
dinitro-benzol  ;  consequently  these  mixtures  are  less  sensitive  to  the  influence 
of  atmospheric  moisture  than  mixtures  of  cotton  and  nitrate.  Besides,  they  are 
further  protected  by  a  double  covering  of  paraffined  paper. 

Complete  combustion  is  obtained  with  a  mixture  of  12-5  of  dinitro-benzol, 
and  87*5  of  nitrate.  The  mixture  invented  by  Mr.  Lamm,  under  the  name  of 
Bellite,  appears  to  consist  of  15  of  dinitro-benzol  and  85  of  nitrate.  The 
possible  proportions  of  the  mixture  are  very  limited.  Proceeding  in  the  same 
manner  as  with  the  other  mixtures,  the  following  results  have  been  obtained  : — 
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Nature  of  Explosive. 

Weight  of  Cartridge. 

617-a 

771-6  grs. 

1,543-2  grs. 

3,086-6  grs. 

20  dinitro-benzol,  80  nitrate 

Bellite 

10  dinitro-benzol,  90  nitrate 

1  expt.  N. 
1  expt.  N. 

1  expt.  N. 

1  expt.  N. 
1  expt.  N. 
1  expt.  I. 
1  expt.  N. 

2  expt.  N. 
1  expt,  I. 

It  is  seen  that  the  mixture  of  10  of  dinitro-benzol,  and  90  of  nitrate,  possesses 
a  high  degree  of  safety,  because  ignition  of  the  gases  has  only  been  effected  with  a 
cartridge  of  3, 086 '5  grains,  and  then  once  only  out  of  two  trials.  It  might  be 
attempted  to  diminish  still  further  the  proportion  of  dinitro-benzol,  and  the  trial 
would  probably  succeed,  for  the  mixture  of  10  of  dinitro-benzol  still  detonates  very 
well  under  the  action  of  a  23  grain  detonator.  It  will  be  better  perhaps  to 
compress,  if  possible,  the  substance  which  has  been  used  in  the  powdered  state  in 
the  preceding  experiments. 

This  mixture  is,  moreover,  sufficiently  energetic,  as  is  seen  by  the  following 
table : — 


Nature  of  Explosive. 

/• 

Qfc. 

Dynamite    .... 

12 '5  dinitro-benzol,  87 '5  nitrate 

10            do.        ,  90       do 

8,490 
8,000 
6,700 

1,109 

1,006 

750 

The  mixture  of  10  of  dinitro-benzol  detonates  badly  with  detonators  containing 
less  than  23  grains  of  fulminate. 


MixturesqfJHononitronaphthalene  and  Nitrate  of  Ammonia. — Complete  combustion 
takes  place  with  a  mixture  of  9*15  of  mononitronaphthalene  and  90*85  of  nitrate. 
In  a  powdered  state  this  mixture  detonates  in  an  uncertain  manner  when  unconfined. 
It  has,  in  this  state,  given  the  following  results  on  detonation,  unconfined  in  the 
midst  of  fire-damp  : — 


Cartridges  Weighino 

617-3  grains. 

771-6  grains. 

1,543-2  grains. 

1  expt.  I. 

3  expts.  N. 

2p*nts   1ST      /  Detonation  very 
l  expts.  JN.     |incomplete# 

Mixtures  of  Naphthalene  and  Nitrate  of  Ammonia. — Mixtures  of  naphthalene 
with  nitrate  of  ammonia  have  been  tried. 
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The  mixture  affording  complete  combustion  contained  6  of  naphthalene  and  94  of 
nitrate.  It  was  prepared  by  pouring  the  dry  and  powdered  nitrate  into 
the  melted  naphthalene.  This  appeared  to  absorb  the  nitrate  with  greater  difficulty 
than  was  the  case  with  dinitro-benzol.  Hence  a  less  perfect  enclosing  and  a  more 
uncertain  protection  of  the  nitrate  against  moisture.  The  mixture  detonates  uncon- 
fined  only  in  a  very  imperfect  fashion.  In  the  tin  tube  of  0'98  inch  and  1  -22  inches 
the  explosive  wave  produces  decomposition,  but  the  detonation,  still  very 
incomplete,  appears  to  correspond  only  to  the  detonation  of  the  nitrate  (see 
table  p.  85).  In  the  tin  tube  of  0-9S  inch  and  1-57  inches  the  detonation  is  still 
imperfect,  but  it  approximates  to  completion,  for  a  production  is  observed  of  68 
calories  per  1,543'2  grains,  although  theory  exacts  94  calories  (see  p.  87).  It  may  be 
assumed,  therefore,  that  in  shot-holes  properly  stemmed  the  detonation  will  be 
complete. 

In  a  shot-hole  40  inches  deep,  drilled  at  Sevran  in  an  argillaceous  earth,  a  cart- 
ridge  of  3,086-5  grains,  carefully  stemmed,  produced  a  chamber  of  compression, 
the  three  principal  dimensions  of  which  were  1  foot  77  inches  x  1  foot  7  3  inches 
x  1  foot  5*7  inches. 

Experiments  made  with  mixtures  of  air  and  fire-damp  have  given  the  following 
results  : — 


Cartridges  Weighing 

1,543-2  grains. 

3,086-5  grains. 

Pressure  of  Water 
Column. 

Result. 

Pressure  of  Water 
Column. 

Result. 

Metres. 
0-04 

Inches. 
1-57 

N 

Metres. 

0  07 
010 

Inches. 
2-76 
3  94 

N 

N 

One  of  the  two  3,086 '5  grains  cartridges  tested  was  fired  by  the  action  of  three 
plugged  detonators  of  23  grains  each,  in  spite  of  that  the  detonation  was  extremelv 
feeble.  * 

Two  cartridges,  one  of  1,157 '4  grains  and  the  other  of  1,697  6  grains,  stemmed  in 
tin  tubes  of  0"98  inch  and  1  22  inches,  have  detonated  freely  without  igniting  the 
fire-damp. 

Trials  have  also  been  made  in  mixtures  of  air  and  coal  gas  ;  which  have  given  the 
following  results  : — 


Cartridges  Weighing 

1,543-2  grains. 

3,086-5  grains. 

Pressure  of  Water 
Column. 

Result. 

Pressure  of  Water        „ 

Column.            ,    Result. 

Metres. 
0  03 
0  03 

Inches. 
118 
1-18 

N 

N 

Metres. 

Inches. 

I 

94 
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A  cartridge  weighing  771'6  grains  stemmed  in  a  tin  tube  of  098  inch  and  1*22 
inches  detonated  freely  without  igniting  the  gaseous  mixture. 

To  sum  up,  therefore,  ignition  of  the  internal  gas  can  only  be  produced  by  the 
naphthalene  and  nitrate  mixture,  with  a  cartridge  of  3,086  "5  grains  detonating 
unconfined  in  a  mixture  of  air  and  coal  gas. 

The  naphthalene  and  nitrate  mixture  could,  therefore,  be  used  advantageously  and 
safely  if,  as  is  very  likely,  its  aptitude  of  detonation  was  considered  practically 
satisfactory. 

The  physical  and  chemical  data  for  this  mixture  are  : — 

Naphthalene  and  nitrate  of  ammonia. 

C10  H8  +  24  N2  H4  03  =  10  C02  +  52  H2  0  +  24  N,. 

■m  =  2,048. 


Q- 

Qfc. 

t. 

/. 

a. 

1,930 

943 

2,070°  C. 

8,330 

0936 

Trials  made  in  a  bomb  by  Mr.  Bruneau  with  15 '43  grains  of  fine  powder  as  an 
igniter,  have  given  the  following  results  : — 

A  =  02,  P  =  1,850  k,  P  (theoretical)  =  2,050, 
A  =  08,  P  =  3,246  k,  P  (theoretical)  =  3,400. 

Mixtures  of  Coal- Tar  and  Nitrate  of  Ammonia. — A  mixture  of  88  of  nitrate  of 
ammonia  with  12  of  coal-tar  (in  its  ordinary  state)  was  also  tried. 

The  substance  detonated  badly  even  in  tin  tubes. 

In  fire-damp  with  cartridges  of  3,086*5  grains,  ignition  has  only  been  produced 
once  in  three  experiments. 

In  the  two  experiments  where  ignition  did  not  occur,  the  pressure  which  the 
detonation  produced  amounted  once  to  0'50  metre  (19*68  inches),  and  another 
time  to  0"56  metre  (22*05  inches)  of  water  column. 

The  mixture  was  heated  at  149  degs.  F.  in  a  stove  for  two  hours  to  expel  the 
most  volatile  matters  ;  two  cartridges  of  3,086*5  grains  thus  treated  detonated 
in  fire-damp  without  igniting  it,  but  without  producing  any  notable  pressure  in 
the  boiler. 

A  mixture  of  8  of  tar  and  92  of  nitrate  heated  for  one  hour  at  149  degs.  F. 
was  also  tried.  The  results  of  detonation  have  been,  under  the  same  conditions, 
better  than  with  the  preceding  mixture. 

In  fire-damp,  two  experiments,  made  with  cartridges  of  3,086*5  grains,  have 
given  in  the  boiler  pressures  of  0*58  metre  (22*83  inches)  and  0*60  metre 
(23*62  inches)  of  water  column,  without  igniting  the  gas ;  a  third  experiment 
ignited  it. 


Mixtures  of  Heavy  Oils  from  Coal  Tar  tvith  Nitrate  of  Ammonia. — A  mixture  of 
10  of  heavy  oil  with  90  of  nitrate  of  ammonia  was  tried. 

Like  the  mixture  of  8  of  tar  and  92  of  nitrate  dried  for  one  hour  at  149  degs.  F., 
decomposition  even  in  the  tin  tube  of  "98  inch  and  1*57  inches  appeared  to 
correspond  only  to  the  decomposition  of  the  nitrate  of  ammonia. 

In  fire-damp  two  cartridges  of  3,086*5  grains  were  detonated,  producing  insignifi- 
cant pressures,  and  without  igniting  the  gas. 
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Mixtures  of  Resin  with  Nitrate  of  Ammonia,— A  mixture  of  10  of  resin  and  90 
of  nitrate  of  ammonia  detonated  badly  when  unconfined,  but  appeared  to  detonate 
well  enough  in  metallic  tubes.     In  fire-damp  it  has  given  the  following  results  : — 


Cartridges  Weighing 

771-6  Grains. 

3,086-5  Grains. 

1  expt.  N. 

2  expts.  N. 

Mixtures  of  Picrate  of  Ammonia  with  Nitrate  of  Ammonia. — Picrate  of 
ammonia  (C6  H6  N4  07=246)  maybe  supposed  to  decompose  according  to  the 
formula  6  CO  +  H20  +  2  H2  +  2  N2,  it  will  then  disengage  137  calories 
(water  gaseous)  at  constant  volume  per  246  grammes  or  3,796-4  grains,  or  560 
calories  per  kilogramme. 

Its  aptitude  of  detonation  is  medium,  for  it  has  not  been  detonated  unconfined, 
and  it  only  detonated  very  incompletely  in  tin  tubes  of  -98  inch  and  1  "57  inches. 

Complete  combustion  requires  the  mixture  of  27  "7  of  picrate  with  72*3  of  nitrate 
of  ammonia.  This  mixture  only  detonated  very  incompletely  when  unconfined 
(see  page  84,  for  table). 

Two  mixtures,  one  containing  10  of  picrate  and  90  of  nitrate,  the  other  con- 
taining 20  of  picrate  and  80  of  nitrate,  were  tried  in  mixtures  of  air  and  fire-damp. 
The  results  were  as  follows  : — 


Nature  of  Explosive. 

Cartridges  weighing 
3,086-5  grains. 

Remarks. 

10  picrate,  90  nitrate     ... 
20      do.    ,  80     do. 

2  expts.  N. 
1  expt.  I. 

Detonation  very  incomplete. 

Moreover,  these  mixtures  have  very  little  practical  interest,  as  they  are  relatively 
somewhat  costly,  and  they  would  have  no  advantages  either  as  regards  explosive 
force  or  aptitude  of  detonation. 

Mixtures  of  Nitrate  of  Cupro- Ammonia  and  Nitrate  of  Ammonia. — Ammoniacal 
nitrate  of  copper,  or  nitrate  of  cupro-ammonia,  is  a  salt  which  has  the  formula 

N2  05  Cu  O,  4  X  H3  =  255-5, 
it  is  easily  obtained  in  beautiful  indigo-blue  crystals,  when  a  solution  of  nitrate  of 
copper  saturated  with  ammonia  is  evaporated  to   dryness.      Under   the   action 
of  heat  this  salt  melts,  and  at  the  end  of  a  certain  time  deflagrates  on  fusion, 
without  producing  any  detonation,  properly  speaking. 

The  detonating  properties  of  this  composition,  both  alone  and  mixed  with  nitrate 
of  ammonia,  have  been  studied.  It  was  found  that  the  salt,  either  pure  or  mixed 
with  l§rds  of  its  weight  of  nitrate  of  ammonia,  freely  detonates  under  the  action  of 
one  fulminate  of  mercury  detonator. 

The  specific  gravity  of  the  salt  is  1  "87. 

It  detonates  very  feebly  under  the  hammer. 

The  heat  of  dissolution  in  water  is  negative  and  equal  to  60-6  calories  per 
kilogramme,  or  15 '48  calories  for  the  double  equivalent  weight  of  255-5  grammes. 
The  heat  of  dissolution  in  dilute  nitric  acid  of  2#2  calories,  is  53  calories  per 
kilogramme,  or  13*54  calories  for  the  double  equivalent  weight. 
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From  this  last  value,  combined  with  those  which  are  given  in  Mr.  Berthelot's 
tables  (Annuaire  du  Bureau  des  Longitudes,  1888),  the  heat  of  decomposition  of 
the  salt  into  its  gaseous  elements,  Cu  O  being  supposed  unaltered,  may  bo  easily 
deduced.     Thus  : — 


Heat  of  formation,  4  (N  +  H3)  dissolved 
Do.  do.         (N2  +  O0)  dissolved 

Do.  do.        (CuO  +  N,  05)... 

Do.  do.        (N205  +  4NH3) 

Total        

Heat  of  dissolution  in  dilute  nitric  acid 


84  0 
28-6 
150 
500 

1776 
135 

164-1 


Heat  of  formation  (N6  +  H12  +  05  +  Cu  0)     

From  this  number,  combined  with  that  of  the  heat  of  dissolution  in  water,  it 
follows  : 

N2  05  Cu  O  (dissolved)  +  4  N  Hs  (dissolved)  =  20 -77  calories. 

Ns  05  Cu  O  +  6  H2  O  (solid)  +  4  N  H2  (gaseous) 

=  N2  03  Cu  O,  4  N  H3  (solid)  +  6  H2  (solid)  disengages  69-28  calories. 

The  products  of  its  decomposition  have  not  been  examined.  The  mode  of 
decomposition  which  would  disengage  the  maximum  of  heat  corresponds  to  the 
formula, 

N2  05,  Cu  0,  4  N  H3  =  3  N2  +  H2  +  5  H20  +  Cu  0, 
assuming  that  the  Cu  0  remains  unaltered,  and  would  disengage  131  "8  calories 
(volume  constant  water  gaseous)  for  255*5  grammes  or  516  calories  per  kilogramme. 

When  the  salt  is  detonated  unconfined,  abundant  white  fumes  of  nitrate  of 
ammonia  and  nitrous  vapours  are  produced  and  observed.  The  mode  of  decom- 
position which  then  occurs  cannot  be  stated  with  certainty. 

Complete  combustion  with  nitrate  of  ammonia  occurs  according  to  the  formula 
N2  05,  Cu  0,  4  N  H3  +  I  (Na  05,  N2  H8  O)  =  4  N2  +  8  H2  0  +  Cu  O. 

The  proportions  in  which  the  two  salts  should  be  mixed  is,  therefore,  76  of  the 
copper  salt,  and  24  nitrate  of  ammonia. 

The  amount  of  heat  disengaged  by  combustion  is  655 "5  calories  per  kilogramme. 
By  the  ordinary  method,  and  taking  into  account  the  specific  heat  of  oxide  of 
copper  (which  is  11  "22  with  Cu  0  =  70)  the  following  figures  are  easily  found  : — 
Qfc=  655-5,  t  =  l,750°C,/=  6,090,  a  -  0-796. 

The  temperature  of  detonation  being  relatively  low,  the  Commission  thought 
that  this  mixture,  either  alone  or  with  the  addition  of  nitrate  of  ammonia,  might 
constitute  an  explosive  which  might  be  found  safe  for  use  in  fiery  mines. 

Calorimetrical  experiments  on  its  detonation  were  made  in  the  boiler,  filled 
with  air,  as  shewn  in  the  annexed  table  : 

The  unconfined  detonation  of  the  pure  salt,  although  it  certainly  leaves  no 
residue,  yields  an  amount  of  heat  much  less  than  that  which  would  correspond 
to  complete  detonation.  The  production  of  the  white  and  nitrous  fumes  previously 
mentioned  shews  that  a  different  reaction  occurs. 

The  unconfined  detonation  of  the  mixtures  with  nitrate  of  ammonia  is  also  very 
incomplete,  and  becomes  almost  nil  when  the  proportion  of  nitrate  of  ammonia 
amounts  to  double  that  of  the  cupric  salt. 

In  tin  tubes  the  decomposition  is  still  incomplete  ;  from  the  pure  salt,  as  far  as 
the  mixture  of  10  of  salt  with  90  of  nitrate  of  ammonia,  the  heat  disengaged 
remains  nearly  equal  to  three-fourths  of  the  theoretical  quantity.  It  may,  there- 
fore, be  assumed  that  in  a  shot  hole  the  decomposition  will  be  sufficiently  complete. 

Fusion,  like  compression,  hinders  the  detonation. 
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Nature 
of  Explosive. 

■a 

'C 

(h 

03 

O 

o 
.£? 

"a 

Method  of 
using  the 
Explosive. 

Pressure 

of 

Water  Column. 

« 

deduced 

for 
1,543-2 
grains. 

Remarks. 

> 

5 

■6 

"3 

"3 
O 

1 

8 

a 

Cupro.  amm. 
Do. 

Grains. 
771-6 

771-6 

Paper, 
in.          in. 
Tin,  0-98  and  1-22 

0-16 
0-225 

6-30 
8-86 

19 
34 

(*) 

53 

53 

Salt — very  dry. 
do. 

Do. 

771-6 

in.          in. 
Tin,  0-98  and  1-57 

0-21 

8-27 

38 

53 

do. 

Do. 

771-6 

do. 

0-19 

7-48 

34 

53 

Salt— a  little  damp. 

75  cupro 

,  25  nitrate... 

771-6 

Paper. 

0-21 

8-27 

25 

67 

do. 

75    do. 

,25 

do.    ... 

7716 

in.         in. 
Tin,  0-98  and  1-22 

0-29 

11-42 

52 

67 

do. 

33    do. 

,  cr 

do.     ... 

771-6 

Paper. 

o-oo 

o-oo 

- 

51 

do. 

33    do. 

.  67 

do.     ... 

347-2 

do. 

0-03 

1-18 

- 

51 

Salt-  very  dry. 

33    do. 

,67 

do.     ... 

771-6 

in.         in. 
Tin,  0-98  and  157 

0-21 

8-27 

39 

51 

Salt — a  little  damp. 

20    do. 

,80 

do.     ... 

771-6 

do. 

0-16 

6-30 

29 

46 

do. 

20    do. 

B0 

do.     ... 

771-6 

do. 

0-11 

4-33 

20 

46 

Material  dry,  melted, 
and  powdered. 

20    do. 

,80 

do.     ... 

771-8 

do. 

o-io 

3-94 

18 

46 

Material  dry,  melted, 
and  powdered,  very  fine. 

20    do. 

.  80 

do.    ... 

771-6 

do. 

0-19 

7-48 

34 

46 

Mixture,  powdered 
very  dry. 

20    do. 

,80 

do.     ... 

771-6 

do. 

0-11 

4-33 

20 

46 

Mixture,  compressed 
under  15  atmospheres. 

10    do. 

,90 

do.    ... 

771-6 

do. 

0-16 

6-30 

29 

42 

Salt— a  little  damp. 

It  is  certain  that  these  mixtures  require  for  detonation,  detonators  containing  at 
least  23  "15  grains  of  fulminate. 

In  a  shot-hole  40  inches  deep,  drilled  at  Sevran  in  the  midst  of  argillaceous 
rock,  a  cartridge  of  3,086*5  grains  of  the  complete  combustion  mixture  produced  a 
chamber  of  compression  whose  principal  dimensions  were  1  foot  11  "62  inches  x  1  foot 
5*72  inches  x   1  foot  5*72  inches. 

Under  the  same  conditions  a  cartridge  of  3,086 '5  grains  of  the  mixture  of  33  of 
nitrate  of  cupro-ammonia  with  66  of  nitrate  of  ammonia  produced  a  chamber 
11*81  inches  x  11  -81  inches  x   11*81  inches. 


(*)  Calculated,  assuming  the  decomposition  to  be  complete,  with  mutual  reactions  of  the  gaseous 
products. 
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Experiments  made  in  fire-damp  yielded  the  following  results  : — 


JNature  i 

)f  Explosive. 

Wta 

Cartridge. 

1  ,.",43-2  Grains. 

3.086-5  Grains. 

Pressure  of 
Water  Column. 

Result. 

Pressure  of 
Water  Column. 

Result. 

Metres. 

Inches. 

Metres. 

Inches. 

Cupro.  amm. 

018 

7  09 

N 

— 

— 

I 

75  cupro.  amm 

,  25  nitrate 

0  30 

11-81 

N 

0  36 

14-17 

N 

75        do. 

,  25     do 

— 

— 

— 

0  30 

11-81 

N 

75        do. 

,  25     do 

— 

— 

— 

0  60 

23  62 

N 

33        do. 

,  66    do 

— 

- 

— 

0-24 

9-45 

N 

33        do. 

,  66    do 

— 

— 

— 

0-12 

4-72 

N 

20        do. 

,  SO    do 

— 

— 

— 

0-04 

1-57 

N 

10        do. 

,  90    do 

0  00 

0  00 

N 

— 

— 

— 

A  cartridge  of  1,543"2  grains  of  the  mixture  of  20  of  the  salt  with  80  of  ammonia 
nitrate  in  a  tin  tube  0'98  inch  and  1-22  inches  on  detonation  produced  a  pressure  of 
8*66  inches  of  water  without  igniting  the  fire-damp. 

The  experiments  have,  therefore,  been  thoroughly  satisfactory,  whenunconfined, 
in  fire-damp,  for  mixtures,  even  the  most  explosive  of  the  cuprous  salt  and  nitrate 
of  ammonia. 

Experiments  were  next  made  in  a  mixture  of  air  containing  10-3  per  cent,  of 
coal-gas.     The  results  have  been  as  follows  : — 


Nature  of 

Explosive. 

Weight  of  Cartridges. 

956-8  Grains. 

1,543-2  Grains. 

3,086-5  Grains. 

Pressure  of 
Wtr.  Clmn. 

Rslt. 

Pressure  of 
Wtr.  Clmn. 

Rslt. 
I 

Pressure  of 
Wtr.  Clmn. 

Rslt. 

Mtrs. 

Ins. 

Mtrs. 

Ids. 

Mtrs. 

Ins. 



Cupro 

.  amm. ... 

75  cupro.  amm. 

25  nitrate 

— 

— 

— 

012 

4-72 

N 

— 

— 

— 

75 

do. 

25      do 

— 

— 

— 

0-18 

7-09 

N 

— 

— 

— 

33 

do. 

,66      do 

0  0 

00 

N(*) 

— 

- 

— 

— 

— 

I 

33 

do. 

,66      do 

— 

— 

Kt) 

— 

— 

— 

— 

— 

— 

20 

do. 

,80      do 

— 

— 

— 

0  04 

1-57 

N 

016 

6-30 

N 

20 

do. 

,80      do 

— 

— 

0  04 

1  57 

N 

— 

— 

— 

(*)  Explosive  placed  in  a  thin  brass  case  which  shut  by  a  cover  carrying  a  socket  for  the  detonator, 
(t)  Explosive  placed  in  a  thin  brass  case  without  a  cover. 
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i  ,The  mixture  of  75  parts  did  not  ignite  coal-gas  with  1,543*2  grains  cartridges. 

The  mixture  of  33  parts  ignited  with  a  3,086*5  grains  cartridge,  and  with  a  956*8 
grains  cartridge  placed  in  a  brass  case  open  at  the  top.  The  singular  fact  was 
observed  that  the  ignition  of  the  gaseous  mixture  occurred  one  or  two  seconds 
after  the  detonation  of  the  cartridge. 

The  mixture  of  20  parts  did  not  ignite  either  with  1,543*2  grains  or  3,086*5  grains 
cartridges. 

It  should  be  remembered  that  these  experiments  were  made  in  a  gaseous 
mixture  notably  more  inflammable  than  the  fire-damp  mixture,  and  as  the 
experiments  made  in  fire-damp  did  not  produce  ignition  even  with  mixtures  of 
75  parts,  and  cartridges  of  3,086*5  grains,  it  seems  that  the  mixture  of  nitrate  of 
ammonia  with  nitrate  of  cupro-ammonia  should  be  considered  to  possess  very 
satisfactory  guarantees  of  safety  whenever  the  proportion  of  nitrate  of  ammonia 
reaches  25  parts  per  hundred. 

The  mixture  containing  80  per  cent,  of  nitrate  of  ammonia,  which  is  proved 
safe,  even  in  coal-gas,  with  two  cartridges  of  3,086*5  grains,  detonates  at  a 
temperature  of  2,372  degs  F.,  and  possesses  a  force /equal  to  about  5,500  kilo- 
grammes. 

Experiments  on  detonation,  made  in  a  bomb  by  Mr.  Vieille,  have  given  the 
following  results  : — 


Density  of 

Charging. 

A 

Presscre. 

Observed. 

Theoretical. 

Cupro-amm.... 

02 

1,402 

(*) 

1,355 

Do 

0*3 

2,221 

2,240 

Cupro-amm., and  nitrate  (mixture  giving  | 
complete  combustion)    ...         ...          ( 

0*2 

1,455 

1,450 

Do.              do 

0*2 

1,490 

it 

Do.              do 

0  3 

2,346 

2,400 

Do.              do 

0*3 

2,290 

J  J 

20  cupro-amm.,  80  nitrate 

0*2 

1,115 

1,340 

20         do.         ,  80     do 

0*3 

2,143 

2,260 

The  combustion  is  always  slow  enough  if  the  rupture  is  static. 

The  firing  has  been  effected  through  the  intermediary  of  a  detonator  of  15*43 
grains  'of  extra-fine  powder ;  to  allow  for  this,  the  observed  figures  have  been 
reduced  by  150  kilogrammes  when  A  =  0*2    and  200  kilogrammes  when  A  =  0*3. 


CONCLUSIONS. 

The  new  facts  which  are  herein  explained,  confirm  the  conclusions  of  the  first 
report,  and  allow  their  definition  and  completion. 

The  normal  temperature  of  ignition  of  fire-damp  mixtures  is  known  within 
90  degrees  F.,  but  it  is  necessary  that  the  effect  of  that  temperature  should  be 
prolonged  for  some  time  in  order  that  ignition  may  be  produced. 

The  new  experiments,  in  harmony  with  the  previous  ones,  shew  that,  owing  to 

(*)  It  is  assumed  that  the  decomposition  occurs  according  to  the  formul    3  N*|  +  6  H3C  +  Cu 
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the  retardation  of  ignition  characteristic  of  fire-damp  mixtures,  owing  also  to  the 
almost  instantaneous  mixture  of  the  gases  resulting  from  detonation  with  the 
surrounding  air,  and  to  the  quick  cooling  consequent  thereupon,  explosives  whose 
temperature  of  detonation  is  less  than  about  3,992  degs.  F.,  are  incapable  of  igniting 
fire-damp  mixtures  when  detonated  under  the  normal  conditions  of  their  use,  that 
is,  in  holes  properly  stemmed.  The  stemming,  made  with  care,  should  always  be 
vigorously  enforced  as  one  of  the  most  essential  conditions  of  safe  blasting. 

The  guarantees  of  safety  diminish,  all  things  being  constant  in  proportion  as  the 
stemming  becomes  more  imperfect.  At  the  limit,  and  when  the  cartridge  detonates 
unconfined  without  envelope,  the  conditions  of  safety  cannot  be  formulated  with 
any  exactitude. 

Safety  would  doubtless  be  still  ensured  completely,  if  the  explosive  consisted  of 
one  substance  only,  whose  detonation  would  develop  a  temperature  sufficiently  low 
and  only  yield  incombustible  products.  Unfortunately,  nitrate  of  ammonia  is,  as 
yet,  the  only  substance  known  which  realises  these  conditions,  and  its  facility  of 
detonation  appears  insufficient. 

Resort  must,  therefore,  be  made  to  mixtures,  at  least  dual,  and  which  are  never 
absolutely  intimate,  whatever  may  be  the  precautions  taken.  Now,  if  one  of  the 
mixed  substances  is  combustible,  or  when  detonated  alone,  is  susceptible  either  of 
developing  a  temperature  higher  than  3,992  degs.  F.,  or  of  giving  off  combustible 
gaseous  products,  it  may  always  be  feared  that  a  particle  of  that  substance,  placed 
on  the  surface  of  the  cartridge,  may  happen,  at  the  time  of  detonation,  to  ignite 
the  exterior  gas.  Such  is  doubtless  the  cause  of  the  irregularities  which  occur  in 
the  ignition  of  fire-damp  by  the  unconfined  detonation  of  the  same  mixture. 

These  ignitions,  in  a  way  accidental,  are  the  more  to  be  dreaded,  as  the 
substance  which  may  produce  them  is  U3ed  in  higher  proportions,  as  the  mixture 
is  less  intimate,  and  as  the  surface  or  (which  is  nearly  the  same  thing)  as  the 
weight  of  the  cartridge  increases. 

The  only  means  by  which  this  happily  secondary  cause  of  danger  may  be 
avoided,  is  to  ensure  the  utmost  perfection  in  mixing,  and  to  diminish  as  far  as 
possible  without  too  greatly  reducing  the  facility  of  detonation  and  the  power  of  the 
explosive,  the  proportion  of  the  substance  capable  of  igniting  the  gas. 

Besides  it  is  important  to  remark  that  safety  in  the  use  of  explosives  in  the 
midst  of  a  fire-damp  atmosphere  depends,  as  has  been  previously  mentioned,  upon 
the  almost  instantaneous  mixture  of  the  gases  of  the  detonation  with  a  sufficient 
volume  of  surrounding  air.  It  would,  therefore,  be  dangerous  to  fire  shots  in  a  too 
limited  space,  and  with  a  weight  of  explosive  too  great  for  the  volume  of  the 
surrounding  air  as  compared  with  that  of  the  gases  of  detonation. 

These  various  considerations  justify  the  recommendation  given  by  the  Commission 
in  the  first  report,  and  which  is  repeated  verbatim.  (*) 

"4.  By  reason  of  the  complexity  and  the  lack  of  certainty  cf  the  phenomena 
which  may  attend  the  detonation  of  unconfined  explosives,  it  will  always  be 
prudent  to  avoid  firing  shots  (even  charged  with  one  of  the  explosives  considered 
the  safest)  at  a  point  where  the  mixture  of  fire-damp  and  air  may  be 
^flammable.  The  choice  of  these  explosives  should  be  considered  as  con- 
siderably lessening  the  danger  of  explosion ;  it  should  not  be  considered  as 
absolutely  suppressing  it." 

In  the  present  state  of  knowledge,  the  dual  mixtures  which  may  be  used  as 
explosives,  suitable  for  ensuring  the  safety  of  fiery  mines,  necessarily  contain 
nitrate  of  ammonia  as  one  of  their  elements,  and  can  be  divided  into  two 
categories. 

(v)  See  page  43 
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I.  Nitrate  of  ammonia  may  be  mixed  with  a  substance  detonating  at  a  high 
temperature,  but  yielding  incombustible  products,  nitro-glycerine  for  example. 
Safety  appears  to  be  sufficiently  assured  when,  the  nitro-glycerine  being  used  in 
the  state  of  dynamite,  the  proportion  of  dynamite  does  not  exceed  30  per  cent. 
Two  cartridges  of  3,086*5  grains,  containing  30  parts  of  dynamite,  with  70  parts 
of  nitrate,  were  detonated  unconfined  in  a  lire-damp  mixture  without  igniting  it. 
Cartridges  of  771  "6  grains,  1,543*2  grains,  and  3,086*5  grains  of  a  mixture  contain- 
ing 20  parts  of  dynamite  and  SO  parts  of  nitrate,  did  not  produce  ignition  of  the 
fire-damp.  A  cartridge  of  771 '6  grains  of  the  same  explosive  can  even  be 
detonated  unconfined,  in  a  mixture  of  air  and  coal  gas,  without  igniting  it. 

II.  Nitrate  of  ammonia  can  also  be  mixed  with  a  substance,  combustible  in  itself 
or  yielding  combustible  products  on  detonation. 

Mixtures  of  this  nature  should  satisfy  the  following  conditions  : — 

Develop  a  temperature  of  detonation  as  low  as  possible,  and  in  all  cases  less  than 
3,992  degs.  F.  ; 

Not  yield  combustible  gases  after  complete  detonation  ; 

Possess  sufficient  explosive  force  so  as  to  avoid  the  use  of  great  weights  of 
explosive ; 

Possess  a  great  facility  of  detonation,  at  least  in  a  stemmed  hole,  so  that  the 
proportion  of  missed  shots  may  be  unimportant ; 

Capable  of  preservation  for  a  long  time,  against  all  changes ; 

Lastly,  be  capable  of  sale  to  the  users  at  a  not  too  high  price. 

Among  the  numerous  mixtures  based  on  nitrate  cf  ammonia,  fulfilling  more  or 
less  completely  all  these  conditions,  and  which  the  Commission  has  tested,  those 
which  ought  apparently  to  be  mentioned  in  preference  are  as  follows  : — 

(1).  Mixtures  containing  at  the  most  75  parts  of  nitrate  of  cupro-ammonia,  this 
maximum  proportion,  detonating  unconfined,  has  neither  ignited  fire-damp  with 
cartridges  of  3,086*5  grains  (3  expts.)  nor  coal-gas  with  cartridges  of  1,543*2  grains 
(2  expts.) ; 

(2).  The  mixture  containing  6  parts  of  naphthalene,  which,  detonating  unconfined, 
did  not  ignite  either  fire-damp  with  cartridges  of  3,086*5  grains  (2  expts.)  or  coal- 
gas  with  cartridges  of  771*6  grains  (2  expts.);  and  only  ignited  coal-gas  with 
cartridges  of  3,086*5  grains  ; 

(3).  The  mixture  containing  15  parts  of  octonitric  cotton,  which,  detonating 
unconfined,  did  not  ignite  fire-damp  with  cartridges  of  3,086*5  grains  (2  expts.) ; 

(4).  The  mixture  containing  10  parts  of  mononitronaphthalene,  which,  detonating 
unconfined,  in  five  experiments  made  with  cartridges  of  925*9  grains,  1,543*2  grains, 
and  3,086*5  grains,  only  once  ignited  the  fire-damp  with  a  cartridge  of  925*9 
grains  ; 

(5).  The  mixture  containing  10  parts  of  dinitro-benzol,  which,  detonating 
unconfined,  did  not  ignite  fire-damp  with  cartridges  of  1,543*2  grains  (4  expts. ),  and 
with  cartridges  of  3,086*5  grains,  only  ignited  it  once  in  three  experiments. 

Practical  trials  made  in  the  mine,  and  which  are  now  being  made,  can  alone 
enable  mine-owners  to  choose  between  the  various  explosives. 

8th  November,  1888. 

The  President  of  the  Sub-Commission  and  Reporter, 

Er.  Mallard. 
Adopted  by  the  Commission  at  their  sitting  of  the  8th  November,  1888. 
P.  Vieille,  Secretary.  Berthelot,  President. 
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TABLE  OF  EXPERIMENTS  MADE  AT  THE  SEVRAN-LIVRY  POWDER  MILL. 
From  June  to  October,  1888. 


A.    Experiments  made  in  Combustible  Gases. 


Dates. 

Nature  of  Explosive. 
(*) 

o  £> 

3 

Pressure  of 

Water  Column. 

<t) 

as 

Remarks. 

I.    Combustible  Gases,  containing  103  op  Fire-damp  and  "897  of  Air,  bt  Volume. 

1.    Detonators. 


Grs. 

Grs. 

Mctr. 

Inches. 

("One      detonator 

9  July 

3  plugged  detonators 

69-45 

N 

1  closed    by    the 
j  plug  oarryingthe 
(.electric  wire. 

6  Aug.  (2) 

Military  detonator      

? 

1 

2.    Dynamite  and  Nitrate  of  Ammonia. 


30  June  (1) 

10  dynamite,  90  nitrate 

771-6 

23-15 

■10 

3-94 

N 

30  June  (2) 

20  dynamite,  80  nitrate 

771-6 

23-15 

.. 

.. 

N 

9  July   (1) 

do. 

771-6 

23-15 

.. 

.. 

N 

28  July   (1) 

do. 

1,543-2 

2J-15 

•15 

5-91 

N 

28  July   (2) 

do. 

1.543-2 

23-15 

•34 

13-39 

N 

3CJuly  (1) 

do. 

1,5432 

23-15 

•28 

11-02 

N 

11  Aug.  (2) 

do. 

3,086-5 

23-15 

•45 

17-72 

N 

11  Aug.  (3) 

do. 

3,086-5 

23-15 

•44 

17-32 

N 

23  July   (1) 

30  dynamite,  70  nitrate 

771-6 

23-15 

•22 

8-66 

N 

23  July  (2) 

do. 

1,543-2 

23-15 

•62 

24-41 

N 

25  July  (1) 

do. 

1,543-2 

23-15 

•40 

15-75 

N 

11  Aug.  (2) 

do. 

3,0S6-5 

23-15 

•62 

24-41 

N 

11  Aug.  (2) 

do. 

3,086-5 

23-15 

>1-00 

>  39-37 

N 

28  July   (1) 

40  dynamite,  60  nitrate 

771-6 

23-15 

-> 

.. 

N 

28  July  (2) 

do. 

771-6 

23-15 

•30 

11-81 

N 

25  July   (1) 

do. 

1,543-2 

23-15 

» 

» 

I 

9  July  (1) 

50  dynamite,  50  nitrate 

771-6 

23-15 

•44 

17-32 

N 

28  July  (1) 

do. 

771-6 

23-15 

" 

.. 

N 

30  June  (1) 

do. 

771-6 

23-15 

'■ 

.. 

I 

30  June  (1) 

do. 

771-6 

23-15 

» 

.. 

I 

11  July  (2) 

do. 

1,543-2 

23-15 

» 

» 

I 

28  July  (1) 

60  dynamite,  40  nitrate 

771-6 

23-15 

•48 

18-90 

N 

6  Aug.  (1) 

80  dynamite,  20  nitrate 

1,543-2 

23-15 

u 

» 

I 

25  Oct.    (9) 

100  dynamite,  0  nitrate 

771-6 

23-15 

» 

>' 

I 

(Tin  tube  of  0-98  in- 
t  and  1-22  in.  d 

iam. 

(* )  The  cartridge  is  exposed  or  merely  wrapped  in  paper,  and  the  explosive  is  powdered,  unles 
the  contrary  is  expressly  stated.  ...  ,      , .. , 

(t)  P,  the  pressure  developed  in  tlie  boih  r  after  the  detonation  of  the  cartridge,  when  the  combustible 
sas  has'  not  been  ignited.  This  pressure,  expressed  in  metres  of  water,  is  observed  about  15  seconds 
after  the  detonation  ;  the -observation  is  only  approximate,  and  is  only  intended  to  give  some  idea 
of  the  more  or  less  complete  detonation  of  the  explosive. 

(t)  I  signifies  that  the  gaseous  mixture  was  ignited;  Is  signifies  that  there  was  not  ignition  of 
the  gaseous  mixture. 
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A.    Experiments  made  in  Combustible  Gases.— Contin-ued. 


Dales. 

Nature  of  Explosive. 

60,3 

■53  p< 

£.3 

Pressure  of 
Water  Column. 

S  2 

I-! 

P3  « 

Remarks. 

3.    Ootonitric  Cotton  and  Nitrate  op  Ammonia. 


Grs. 

Grs. 

Metr. 

Inches. 

11  Aug.  (2) 

15  cotton,  85  nitrate 

3,086-5 

23-15 

•60 

23-62 

N 

11  Aug.  (3) 

do. 

3,086-5 

2315 

>1-00 

>  39-37 

N 

23  July  (1) 

20  cotton,  80  nitrate 

771-6 

23-15 

•30 

11-81 

N 

23  July  (2) 

do. 

1,543-2 

23-15 

•50 

19-68 

N 

25  July  (1) 

do. 

1,543-2 

23-15 

•28 

11-02 

N 

30  July  (3) 

dc. 

1,543-2 

23-15 

» 

>• 

N 

30  July  (3) 

do. 

1,543-2 

23-15 

•44 

17-32 

N 

30  July  (3) 

do. 

1,543-2 

23-15 

•40 

15-75 

N 

6  Aug.  (3) 

do. 

1,543-2 

23-15 

•52 

20-47 

N 

39  July   (2) 

do. 

1,543-2 

23-15 

» 

.. 

I 

11  Aug.  (2) 

do. 

3,086-5 

23-15 

» 

» 

I 

11  Aug.  (3) 

do. 

3,086-5 

2315 

,, 

» 

I 

11  July  (2) 

30  cotton,  70  nitrate 

463-0 

23-15 

•04 

1-57 

N 

23  July  (2) 

do. 

1,5432 

23-15 

•62 

24-41 

N 

25  July  (2) 

40  cotton,  60  nitrate 

1,543-2 

23-15 

» 

.> 

I 

27  June  (2) 

60  cotton,  40  nitrate 

463-0 

23-15 

11 

>• 

I 

9  July  (1) 

100  cotton,  0  nitrate 

463-0 

23-15 

•18 

7-09 

N 

9  July  (2) 

do. 

463-0 

23-15 

•18 

7-09 

N 

11  July   (2) 

do. 

463-0 

23-15 

•' 

" 

I 

4.    Nononitrio  Cotton  (Mining  Cotton)  and  Nitrate  op  Ammonia. 


6  Aug.  (3) 
6  Aug.  (1) 

15  cotton,  85  nitrate 
do. 

1,543-2  23-16 
1,543-21  23-15 

•50 

19-68 

N 
I 

5.    Mononitronaphthalene  and  Nitrate  of  Ammonia. 


11  July   (1) 

9  m.  n.  naphtha,  91  nitrate 

463-0 

23-15 

•06 

2-36 

N 

Substance  powder'd 

9  July  (1) 

do. 

771-6 

23-15 

•22 

8-66 

N 

do. 

9  July   (2) 

do. 

771-6 

23-15 

•26 

10-24 

N 

do. 

9  July  (2) 

do. 

771-6 

69-45 

•26 

10-24 

N 

do. 

25  July   (2) 

do. 

1,543-2 

23-15 

•00 

o-oo 

N 

do. 

30  July   (2) 

do. 

1,543-2 

23-15 

■00 

o-oo 

N 

do. 
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A.    Experiments  made  in  Combustible  Gases.— Continued. 


«. 

o? 

fe  . 

s  a 

Dates. 

Nature  of  Explosive. 

3  pi 

Pressure  of 
Water  Column. 

5.1 

W 

Remarks 

6.    Naphthalene  and  Nitrate  of  Ammonia. 


Grs. 

Grs. 

Metr. 

Inches. 

15  Sept.  (1) 

6  naphthalene,  94  nitrate 

1,543-2 

2315 

•04 

1-57 

X 

15  Sept.  (1) 

do. 

3,086-5 

23-15 

•07 

2-76 

N 

16  Sept.  (1) 

do. 

3,086-5 

69-45 

•10 

3-94 

N 

15  Sept.  <1) 

do. 

1.821-0 

23-15 

•16 

6-30 

N 

(  In  tin  tube  0'98 
( in.  and  1*22  in. 

15  Sept.  (1) 

do. 

1,1574 

23-15 

■20 

7-87 

N 

do. 

7.    Dinitrobenzol  and  Nitrate  of  Ammonia. 


2  July   (2) 

10  dinitro,  90  nitrate 

1,543-2 

23-15 

•44 

17-32 

N 

6  Aug.  (3) 

do. 

1,543-2 

23-15 

•32 

12-00 

N 

6  Aug.  (3) 

do 

L,543'S 

23-15 

•32 

12-60 

N 

6  Aug.  (3) 

do. 

1,543-2 

23-15 

•32 

12-60 

N 

11  Aug.  (1) 

do. 

3,086-5 

23-15 

•00 

o-oo 

N 

11  Aug.  (3) 

do. 

3,086-5 

23-15 

•50 

19-68 

N 

11  Aug.  (1) 

do. 

3,086-5 

23-15 

,, 

,, 

I 

9  July  (1) 

(       15  dinitro,  85  nitrate       1 
\                (Bellite)                ] 

617-8 

23-15 

•24 

9-45 

N 

27  June  (2) 

do. 

771-6 

23-15 

ii 

.. 

N 

9  July   (2) 

do. 

771-6 

23-15 

•20 

7-87 

N 

30  July   (2) 

do. 

1,543-2 

23-15 

•52 

20-47 

N 

30  July  (1) 

do. 

1,543-2 

23-15 

» 

.. 

I 

30  June  (2) 

20  dinitro,  80  nitrate 

771-6 

23-15 

n 

n 

N 

25  July   (1) 

do. 

1,543-2 

23-15 

■50 

19-68 

N 

8.    Piorate  of  Ammonia  and  Nitrate  of  Ammonia. 


8  Oct.    (1) 

10  picrate,  90  nitrate 

3.086-5 

23-15 

•18 

7-09 

N 

8  Oct.    (1) 

do. 

3,086-5 

23-15 

•17 

6-69 

N 

8  Oct.    (1) 

20  picrate,  80  nitrate 

3,086-5 

23-15 

» 

» 

I 

9.    Resin  and  Nitrate  of  Ammonia. 


10  Oct.  (1) 

10  resin,  90  nitrate 

3,086-5 

2316 

•09 

3-54 

N 

10  Oct.    (2) 

do, 

3,086-5 

23-15 

•09 

3-54 

N 

10  Oct.    (2) 

do. 

3,086-5 

23-15 

•05 

1-97 

N 
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Dates. 

Nature  of  Explosive. 

—  - 

^  a 

are  of 
Water  Column. 

C5  R 

Remarks. 

10.    Coal  Tab  and  Nitrate  of  Ammonia. 


Grs. 

Grs. 

M«tr. 

Inches. 

10  Oct. 

(1) 

12  tar,  88  nitrate 

3,0865 

2315 

•10 

3-94 

N 

Mixture  not  heated 

10  Oct 

(1) 

do. 

3,086-5 

23-15 

•50 

19-68 

N 

do. 

8  Oct. 

<2j 

do. 

3,086-5 

23-15 

,, 

,, 

I 

do. 

10  Oct. 

(1) 

do- 

3,086-5 

23-15 

•06 

2-36 

N 

(  V  ixture  heatedfor 
( 2  hours  at  149°  F. 

10  Oct. 

(1) 

do. 

3,0865 

2315 

■06 

2-36 

N 

do. 

10  Oct. 

(1) 

8  tar,  92  nitrate 

3,086-5 

23-15 

•60 

23-62 

N 

(  Mixture  heatedfor 
1 1  hour  at  149°  F. 

10  Oct. 

U) 

do. 

3,086-5 

23-15 

•58 

22-83 

N 

do. 

10  Oct. 

(1) 

do. 

3,086-5 

2315 

» 

» 

I 

do. 

11.    Heavy  Coal  Oil  and  Nitrate  of  Ammonia. 


8  Oct.    (2) 
8  Oct.    (2) 

10  oil,  90  nitrate 
do. 

3,086-5 
3,086-5 

23-15 
23-15 

•00 
•00 

o-oo 

0-00 

N 

N 

12.    Nitrate  of  Cupro-Ammonia  and  Nitrate  of  Ammonia. 


25  Oct. 

(1) 

10  cupro-ammonia,  90  nitrate 

1-543-2 

23-15 

■00 

o-oo 

N 

25  Oct. 

(2) 

20  cupro-ammonia,  80  nitrate 

3,086-5 

23-15 

•04 

1-57 

N 

25  Oct. 

(3) 

do. 

1,543-2 

2315 

•22 

8-66 

N 

( Tin  tube  -98  incli 
j  and  1-22  inches. 

25  Oct. 

(4) 

33  cupro-ammonia,  66  nitrate 

3,086-5 

23-15 

•24 

9-45 

N 

25  Oct. 

(5) 

75  cupro-ammonia,  25  nitrate 

1,543-2 

23-15 

•30 

11-81 

N 

25  Oct. 

(6) 

do. 

3,086-5 

23-15 

•30 

11-81 

N 

25  Oct. 

CD 

do. 

3,086-5 

23-15 

•36 

14-17 

N 

25  Oct. 

(8) 

100  cupro-ammonia,  0  nitrate 

1,543-2 

23-15 

•18 

7-09 

N 

II.    Combustible  Gases,  containing  103  of  Coal-Gas  and  '897  of  Air,  bt  Volume. 
1.    Dynamite  and  Nitrate  of  Ammonia. 


27  July 

(-') 

20  dynamite,  80  nitrate 

771-6 

23-15 

•22 

8-66 

N 

~ 

27  July 

U) 

60  dynamite,  40  nitrate 

771-6 

23-15 

•34 

13-39 

N 

(  Lead  tube  1-18  in 
{ and  1-38  in. 

27  July 

(2) 

70  dynamite,  30  nitrate 

771-6 

23-15 

.. 

» 

N 

do. 

27  July 

(?) 

80  dynamite,  20  nitrate 

771-6 

23-15 

•32 

12-60 

N 

do. 

27  July 

(1) 

60  dynamite,  40  nitrate 

771-6 

23  15 

■28 

11-02 

N 

f  Tin  tube  0-98  in. 
( and  1-57  in. 

27  July 

(1) 

70  dynamite,  30  nitrate 

771-6 

23-15 

•36 

14-17 

N 

do. 

27  July 

(1) 

80  dynamite,  20  nitrate 

m-e 

23-15 

•32 

12-60 

N 

do. 

27  July 

(1) 

90  dynamite,  10  nitrate 

771-6 

23-15 

•50 

19-68 

N 

do. 

4  May 

(1) 

100  dynamite,  0  nitrate 

771-6 

23-15 

.. 

- 

I 

do. 

27  July 

(1) 

do. 

771-6 

2315 

" 

" 

I 

do. 
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o  JJ 

*$ 

%  ? 

Dates. 

Nature  of  Explosive. 

|1 

■£  a 

ire  of 
Wat';r  Column. 

25  x 

Iti-iuarks. 

2.    Octonitbio  Cotton  and  Nitrate  or  Ammonia. 


Grs. 

Grs. 

Metr. 

Inches. 

27  July   (2) 

20  cotton,  80  nitrate 

771-fi 

23-15 

„ 

., 

I 

27  July    (1) 

10  cotton,  90  nitrate 

7710 

83"15 

•22 

866 

N 

f  Tin  tube  0-98  in. 
( and  1-67  in. 

27  July    (1) 

20  cotton,  8s)  nitrate 

771-6 

23-15 

•28 

11-02 

N 

do. 

27  July    (1) 

30  cott»n,  70  nitrate 

77 1  <; 

23-15 

•32 

1-2-80 

N 

do. 

27  July    (2) 

do. 

771-6 

2315 

•26 

10-24 

N 

(  Lead  tube  1-18  in. 
(and  1-38  in. 

3.    Naphthalene  and  Nitrate  op  Ammonia. 


SO  Oct.    (3) 

o  naphthalene, 

91  nitrate 

771-6 

2315 

•03 

1-18 

N 

30  Oct,    (3) 

do. 

771-6 

23-15 

•03 

1-18 

N 

27  Oct.    (1) 

do. 

3,086-5 

23-15 

•03 

1-18 

I 

27  Oct.    (1) 

do. 

771-6 

23-15 

■14 

551 

N 

(  Tin  tube  0-98  in. 
\  and  1-22  in. 

4.    Nitrate  of  Cupro-Ammonia  and  Nitrate  ob*  Ammonia. 


30  Oct. 
30  Oct. 
30  Oct. 
30  Oct. 
30  Oct. 

30  Oct. 
30  Oct. 
30  Oct. 
30  Oct. 


20  cupro-ammonia,  80  nitrate 

do. 

do. 
33  cupro-ammonia,  67  nitrate 

do. 

do. 
75  cupro-ammonia,  25  nitrate 

do. 
100  cupro-ammonia,  0  nitrate 


1,543-2 

23-15 

•04 

1-57 

N 

1,543-2 

23-15 

•04 

1-57 

N 

3,086-5 

23-15 

•16 

6-30 

N 

3,086-5 

23-15 

» 

» 

K*) 

956-8 

23-15 

•00 

o-oo 

N 

956-8 

23-15 

, 

,, 

Kt) 

1,5432 

23-15 

•12 

4-72 

N 

1,543-2 

23-15 

•18 

7-09 

N 

1,543-2 

2315 

•  > 

•■ 

I 

f  Thin  brass  case, 
I  with  socket  for 
I  detonator. 
(  Thin  brass  case 
I  without  sccket  for 
(  detonator. 


5.    Various  Explosives. 


4  May   (1) 

50  dynamite,  50  coal-dust 

1,388-9 

23-15 

I 

4  May   (3) 

Nononitric  cotton 

463-0 

23-15 

., 

i, 

I 

(  Tin  tube  0-98  in. 
( and  1-57  in. 

4  May   (3) 

Detonating  cellulose  string 

" 

» 

" 

" 

N 

2  ft.  3J  in.  long. 

( *)  Ignition  occurred  about  2  seconds  after  the  detonation  of  the  cartridge, 
(t)  Ignition  occurred  about  1  second  after  the  detonation  of  the  cartridge. 
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B.    Experiments  on  Detonation  in  the  Closed  Boileb,  containing  Air  only. 


Nature  of 

Z> 

Pressure 

Dates. 

Nature  of  Explosive. 
(*) 

Covering 
of  the 

aoO 

6D"g 

of 
Water 

Remarks. 

Explosive. 

£!* 

Column. 

(t) 

tt) 

1.    Dynamite  and  Nitrate  of  Ammonia. 


6  Aug.  (2) 

11  Aug.  (2) 

6  Aug.  (3) 

9  Aug.  (21) 

11  Aug.  (12) 

9  Aug.  (20) 

9  Aug.  (19) 

6  Aug.  (4) 

6  Aug.  (5) 

6  Aug.  (6) 

27  Sept.  (5) 

27  Sept.  (8) 

27  Sept.  (6) 

27  Sept.  (7) 

24  Sept.  (6) 

24  Sept.  (7) 

-'4  Sept.  (8) 

24  Sept.  (9) 

27  Sept.  (2) 

24  Sept.  (3) 

24  Sept.  (4) 

24  Sept.  (5) 

24  Sept.  (1) 

24  Sept.  (2) 

27  Sept.  (9) 

27  Sept.  (1) 

22  Sept.  (4) 

22  Sept.  (5) 


10  dynamite,  90  nitrate 
20  dynamite,  80  nitrate 

do. 

do. 

do. 

do. 

do. 
30  dynamite,  70 nitrate 
40  dynamite,  60  nitrate 
50  dynamite,  50  nitrate 
80  dynamite,  40  nitrate 

do. 

do. 

do. 
70  dynamite,  30  nitrate 

do. 

do. 

do. 

do. 
80  dynamite,  20  nitrate 

do. 

do. 
90  dynamite,  10  nitrate 

do. 
100  dynamite  0  nitrate 

do. 

do. 

do. 


Paper 

Brass  tube 

Paper 

do. 

Tin  0-98  in. 
and  l-22  in. 
Tin  0-98  in. 
and  1-57  in. 
do. 

Paper 

do. 


Brass  tube 

do. 

Tin  0-98  in. 
and  T22  in. 
Tin  0-98  in. 
and  l-57  in. 
Paper 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  l-57  in. 
Tin  0-98  in. 
and  l-77  in. 
Brass  case 

Paper 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1'57  in. 
Paper 

Tin  0-9S  in. 

and  1-57  in, 

Paper 


Tin  0-98  in. 

and  1"77  in. 

do. 


Grs. 
771-6 

Grs. 
23-15 

M. 
•08 

In. 
315 

771-6 

23-15 

•15 

591 

771-6 

23-15 

•17 

6-69 

771-6 

61-73 

•25 

9-84 

771-6 

23-15 

•22 

8-66 

771-6 

7-72 

•23 

9-05 

771-6 

15-43 

•26 

10-24 

771-6 

23-15 

•30 

11-81 

771-6 

23-15 

■45 

17-72 

771-6 

23-15 

•53 

20-87 

771-6 

23-15 

•41 

16-14 

771-6 

23-15 

•40 

15-75 

771-6 

23-15 

•45 

17-72 

771-6 

23-15 

•37 

14-57 

385-8 

23-1S 

•34 

13-39 

771-6 

23-15 

•53 

20-87 

771-6 

23-15 

•47 

18-50 

771-6 

23-15 

•45 

17-72 

771-6 

23-15 

•43 

16-93 

385-8 

23-15 

•38 

14-96 

771-6 

23-15 

•59 

23-23 

771-6 

23-15 

•51 

20-08 

385-8 

23-15 

•41 

16-14 

771-6 

23-15 

•52 

20-47 

771-6 

23-15 

•67 

26-38 

771-6 

23-15 

■58 

22-83 

771-6 

23-16 

•44 

17-32 

771-6 

23-15 

•48 

18-90 

{Plugged  detonator 
placed  in  the  detona- 
tor socket  of  the 
brass  case. 


(*)  The  explosive  is  powdered  and  forced  in  by  hand,  unless  otherwise  stated. 

(t)  When  the  cartridge  is  stemmed  inside  a  lead  or  tin  tube,  the  internal  and  external  diameters 
are  given  in  inches. 

vt)  The  initial  indicated  pressure  is  deduced  by  a  graphic  construction  from  the  observation  of 
the  pressure  at  known  intervals  of  time  after  the  detonation.    (See  pages  27  and  37.) 
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B.      EXPERIMENTS  ON  DETONATION  IN  TH  KOILEB,  CONTAINING  AlB  ONLY. — 

Continued. 


Dates. 


iloslve. 


Covering 

Of  Lin' 

Explosive. 


Pressure 
Column. 


Keruarks. 


•_'.    or  i'onitbio  Cotton  and  Nitrate  of  Ammonia. 

31  July   (9) 

10 cotton,  90  nitrate 

Paper 

7710 

23-15 

M. 

In. 

31  July  (10) 
9  Aug.  (12) 

do. 
15  cotton,  85  nitrate 

Tin  0 

And  1:67  in. 
Papi  i 

771-6 
771-6 

2315 
23-15 

•27 
•16 

10-63 
6-30 

9  Aug.  (14) 

do. 

do. 

771-fl 

23-15 

•09 

3-54 

Compr.  to  25  atmos. 

9  Aug.  (11) 

9  Aug.  (13) 

do. 

do. 

Tin  B-98  in. 

and  l-57  in. 

do. 

385-8 
385-8 

28*18 

23-15 

•19 
•18 

7-48 
5-91 

Compr.  to  50  atmos. 

21  Aug.   (7) 

do. 

do. 

385-8 

15-43 

•14 

5-51 

21  Aug.   (6) 

do. 

do. 

385-8 

7-72 

•12 

4-72 

31  July   (7) 

20  cotton,  80  nitrate 

Paper 

463-0 

23-15 

■13 

5-12 

11  Aug.  (3) 

do. 

Brass  case 

771-6 

23-15 

•30 

11-81 

23  July    (1) 

do. 

Paper 

771-6 

23-15 

•34 

13-39 

25  July    (1) 

do. 

do. 

771-6 

23-15 

•38 

14-96 

25  July   (2) 

do. 

do 

771-6 

23-15 

•38 

14-96 

9  Aug.  (10) 

do. 

do. 

385-8 

23-15 

•19 

7-48 

9  Aug.  (22) 

do. 

do. 

385-8 

61-73 

•21 

8-27 

11  Aug.  (13) 

31  July    (8) 

9  Aug.  (10) 

do. 
do. 

do. 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1-57  in. 
do. 

771-6 
463-0 

385-8 

23-15 
23-15 
23-15 

•34 
•21 
•21 

13-39 
8-27 
S-27 

9  Aug.   (2) 

do. 

Paper 

385-8 

23-15 

•055 

2-16 

Compr.  to  100  atmos. 

9  Aug.   (4) 

do. 

do. 

385-8 

23-15 

•125 

4-92 

»          75      „ 

9  Aug.   (6) 

do. 

do. 

385-8 

23-15 

•06 

2-36 

»          50      „ 

9jAug.   (8) 

do. 

do 

385-8 

2315 

•12 

4-72 

25      „ 

9  Aug.   (1) 
9  Aug.   (3) 

do. 
do. 

Tin  0-98  in. 

and  l-57  in. 

do. 

385-8 
385-8 

23-15 
23-15 

•065 
•04 

2-56 
1-57 

„        100      „ 
,,          75      „ 

9  Aug.   (5) 

do. 

do. 

385-t 

23-15 

•11 

4-33 

50      „ 

Sept.(lO) 

30  cotton,  70  nitrate 

Paper 

385-8 

23-15 

•19 

7-48 

24  Sept.(ll) 
24  Sept.  (12) 
31  July   (5) 

do. 

do. 

35  cotton,  G5  nitrate 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  l-57  in. 
Paper 

771-6 
771-6 
463-0 

23-15 
23-15 
23-15 

•45 
•42 
•17 

17-72 

16-54 
6-69 

31  July  (6) 
31  July   (5) 

do. 
40  cotton,  GO  nitrate 

Tin  0-98  in. 

and  1'57  in. 

Paper 

463-0 
463-0 

23-15 
23-15 

•20 
•17 

10-24 

6-69 

31  July   (6) 
31  July    (1) 

do. 

70  cotton,  30  nitrate 

Tin  0-98  in. 

ami  1-57  in. 

Paper 

463-0 
771-6 

23-15 
23-15 

•26 
■92 

10-24 
36-22 

31  July   (2) 

21  Aug.  (3) 

9  July    (1) 

do. 
90  cotton,  10  nitrate 
100  cotton,  0  nitrate 

Tin  0-98  in. 
and  1-57  in. 
Tin  0-98  in. 
and  1*22  in. 
Paper 

771-6 
463-0 
463-0 

23-15 
23-15 
23-15 

"37 
•27 
•52 

14-57 
10-63 
20-47 

21  Aug.   (2) 
21  Aug.   (1) 

do. 

do. 

Tin  098  in. 
and  1-22  in. 
Tin  0-9S  in. 
and  1-57  in. 

77V6 
771-6 

23-15 
23-15 

•39 
•28 

15-35 

11-02 

ON  THE  USE  OF  EXPLOSIVES  IN  MINES. 
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B.    Experiments  on  Detonation  in  the  Closed  Boiler,  containing  Air  only.— 

Continued. 


Dates. 

Nature  of  Explosive. 

Nature  of 

Covering 

of  the 

Explosive. 

ft 

■—  -J 

tag 

Pressure 
of 

Water 
Column. 

Remarks. 

3.    Dinitrobenzol  and  Nitrate  op  Ammonia. 


11  Aug. 

W 

9  Aug.  (18) 

9  Aug. 

(16) 

11  Aug.  (11) 

9  Aug.  (15) 

21  Aug. 

(9) 

21  Aug. 

(K) 

9  Aug.  (15)1 

10  dinitro,  90  nitrate 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Brass  case 

Paper 

do. 

Tin  0-98  in. 
and  1-22  in. 
Tin  098  in. 
and  1-57  in. 
do. 

do. 


Grs. 

Grs.      ] 

tf. 

In. 

771-6 

23-15 

•20 

7-87 

385-8 

23-15 

16 

6-30 

385-8 

23-15 

06 

2-36 

771-6 

2315 

oil 

11-81 

385-8 

23-15 

18 

7-09 

385-8 

15-43 

12 

4-72 

385-8 

7-72 

09 

354 

385-8 

23-15 

11 

4-33 

Compr.  to  25  atmos. 


Compr.  to  25  atmos. 


4.    Mononitronaphthalene  and  Nitrate  of  Ammonia  (Favier  Explosive). 


HJuly   (1) 

9  mono,  naph.,  91  nitr. 

Brass  case 

771-6 

23-15 

•27 

1063 

11  July   (2) 

do. 

Tin  0-98  in. 
and  1-57  in. 

771-6 

23-15 

•40 

15-75 

5.    Naphthalene  and  Nitrate  of  Ammonia. 


21  Aug. 

(S) 

6  naphth.,  94  nitrate 

Paper 

771-6 

2315 

•055 

216 

30  Oct. 

(1) 

do. 

do. 

771-6 

23-15 

•05 

1-97 

30  Oct. 

(2) 

do. 

do. 

3,086-5 

2315 

•36 

14-17 

18  Sept. 
21  Aug. 
30  Oct. 

(7) 
(4) 
(3) 

do. 
do. 
do. 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1  57  in. 
do. 

771-6 
771-6 
771-6 

23-15 
23-15 
23-15 

•26 

•38 
•28 

10-24 
14-96 
1102 

22  Sept. 
22  Sept. 

(2) 

(3) 

do. 
do. 

Tin  0-98  in. 

and  1-77  in. 

do. 

771-6 
771-6 

23-15 
2315 

•20 
•25 

7-87 
9-84 

27  Sept. 

(3) 

do. 

do. 

771-6 

2315 

•29 

11-42 

18  Sept. 

(1) 

10  naphth.,  90  nitrate 

Paper 

771-6 

23-15 

•05 

1-97 

18  Sept. 
18  Sept. 
18  Sept. 

(2) 
(3) 

(1) 

do. 

do. 

20  naphth.,  80  nitrate 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1-57  in. 
Paper 

771-6 

771-6 
771-G 

23-15 
2315 
23-15 

•28 
•29 
•00 

11-02 
11-42 

o-oo 

18  Sept. 
18  Sept. 

(5) 
(6) 

do. 
do. 

Tin  0-P8  in. 
and  P22  in. 
Tin  0-98  in 
and  1-57  in. 

771-6 
771-6 

23-15 
23-15 

•00 
•035 

o-oo 

1-38 
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&     Experiments  on  Detonation  in  the  Closed  Boiler,  containing  Air  onlt.— 

Continued. 


Dates. 

Nature  of  Explosive. 

Nature  ol 
i  lovering 

Of  til c- 

Explo 

3  Pi 

§1 

Pressure 

of 

Water 

Column. 

Remarks. 

6.    Picrate  ok  Ammonia  and  Nitrate  of  Ammonia. 


Grs. 

Grs.     J 

1 

In. 

8  Oct.  (25) 

10  picrate,  90  nitrate 

Paper 

771-6 

23-15 

nil 

0-00 

8  Oct.  (20) 

do. 

Tin  0-98  in. 
and  1*39  in. 

771-6 

23-15 

as 

8-66 

8  Oct.  (27) 

do. 

Tin  0-98  in. 
and  157  in. 

771-G 

23-15 

M 

8-66 

8  Oct.  (22) 

20  picrate,  80  nitrate 

Paper 

771-6 

23-15 

a  j 

8-66 

8  Oct.  (23) 

do. 

Tin  0-98  in. 
and  1  22  in. 

771-6 

23-15 

.-in 

11-81 

8  Oct.  (24) 

do. 

Tin0-9.s  in. 
and  P57  in. 

771-6 

23-15 

31 

12  20 

8  Oct.  (19) 

28  picrate,  72  nitrate 

Paper 

771-6 

2315 

it; 

6-30 

8  Oct.  (20) 

do. 

Tin  0-98  in. 
and  1-22  in. 

771-6 

2315 

36 

13-78 

8  Oct.  (21) 

do. 

Tin  0-98  in. 
and  1-57  in. 

771-6 

23-15 

31 

12-20 

8  Oct.  (1G) 

40  picrate,  60  nitrate 

Paper 

771-6 

23-15 

19 

7-48 

8  Oct.  (17) 

do. 

Tin  0-98  in. 
and  122  in. 

771-6 

23-15 

35 

13-78 

8  Oct.  (18) 

do. 

Tin  0-98  in. 
and  1-57  in. 

771-6 

23-15 

36 

14-17 

8  Oct.  (13) 

50  picrate,  50  nitrate 

Paper 

771-6 

2315 

14 

5-51 

8  Oct.  (14) 

do. 

Tin  0-98  in. 
and  1-22  in. 

771-6 

23-15 

:;.( 

13-39 

8  Oct.  (15) 

do. 

Tin  0-98  in. 
and  P57  in. 

771-6 

23-15 

30 

11-81 

8  Oct.  (10) 

60  picrate,  40  nitrate 

Paper 

771-6 

23-15 

14 

5-51 

8  Oct.  (11) 

do. 

Tin  0-98  in. 
and  1-22  in. 

771-6 

23-15 

30 

11-81 

8  Oct.  (12) 

do. 

Tin  0-98  in. 
and  1'57  in. 

771-6 

23-15 

27 

10-63 

8  Oct.    (7) 

100  picrate, 0  nitrate 

Paper 

771-6 

23-15 

00 

000 

8  Oct.    (8) 

do. 

Tin  0-98  in. 
and  1-22  in. 

771-6 

23-15 

13 

5-12 

SOct.    (9) 

do. 

Tin  0-98  in. 
and  1-57  in. 

771-6 

23-15 

16 

6-30 

7.    Heavi  Tar  Oils  and  Nitrate  of  Ammonia. 


8  Oct.     (4) 

10  oil,  90  nitrate 

Paper 

771-6 

23-15 

•00 

o-oo 

8  Oct.  (29) 

do. 

do. 

771-6 

23-15 

•00 

o-oo 

8  Oct.    (5) 
8  Oct.    (6) 

do. 
do. 

Tin  0-98  in. 
and  1*22  in. 
Tin  0-98  in. 
and  1-57  in. 

7716 
771-6 

23-15 
23-15 

•20 
•21 

7-87 
8-27 

8.    Coal  Tar  and  Nitrate  of  Ammonia. 


12  tar,  88  nitrate 

Paper 

771-6 

23-15 

•00 

O'OO 

C  The  coal  tar  was  not 
( heated. 

do. 

do. 

771-6 

23-15 

•00 

o-oo 

do. 
do. 

Tin  0-98  in. 
and  1-22  in. 

Tin  0-98  in. 

771-6 
771-6 

23-15 
23-15 

•09 
•12 

3-54 
4-72 

8  tar,  92  nitrate 

and  1-57  in. 
Paper 

771-6 

23-15 

•04 

1-57 

(  Dried  for  one  hour  at 
( 149  degs.  F. 

do. 
do. 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1-57  in. 

771-6 
771-6 

23-15 
23-15 

•27 
•23 

10-63 
9-05 

do. 
do. 
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B.    Experiments  on  Detonation  in  the  Closed  Boiler,  containing  Air  only.— 

Continued. 


Nature  of 

Sg 

o-S 

Pressure 

Dates. 

Nature  of  Explosive. 

Covering 
of  the 

;§>J 

S.s 

of 
Water 

Remarks. 

Explosive. 

Column. 

9.    Nitrate  of  Cupro-Ammonia  and  Nitrate  of  Ammonia. 


25  Oct.    (5) 


25  Oct.    (4) 


30  Oct. 
30  Oct. 


30  Oct.  (10) 
30  Oct.  (11) 


25  Oct. 
30  Oct. 

25  Oct. 

25  Oct. 

25  Oct. 

25  Oct. 
30  Oct. 
30  Oct. 
30  Oct. 
30  Oct. 


(«) 
(7) 

(6) 

(4) 

(3) 

P) 

(4) 

(6) 

(1) 
(6) 


10  cupr-amm.,  90  nitr. 


20  cupr-amm.,  80  nitr. 


do. 

dc. 

do. 

33  cupr-amm.,  67  nitr. 
do. 

do. 

75  cupr-amm.,  25  nitr. 

do. 

100  cupr-amm.,  0  nitr. 
do. 
do. 
do. 
do. 


Tin  0-98  in. 
and  1-57  in. 


do. 
do. 


Grs. 

771-6 


771-6 

771-6 
771-6 


Grs. 
23-15 


23-15 


23-15 


do. 

771-6 

do. 

771-6 

Paper 

771-6 

do. 

347-2 

Tin  0-98  in. 
and  1-57  in. 

771-6 

Paper 

771-6 

Tin  0-98  in. 
and  1-57  in. 

771-6 

Paper 

771-6 

do. 

771-6 

Tin  0-98  in. 
and  1-22  in. 
Tin  0-98  in. 
and  1-57  in. 
do. 

771-6 
771-6 
771-6 

23-16 

2315 
23-15 

23-15 

23-15 

23-15 

23-15 
23-15 
23-15 
23-15 


In. 
6-30 


6-30 

4-33 
3-94 

6-50 

0-39 

0-00 
1-57 

7-87 


11-02 

0-00 
6-30 
8-86 
7-48 


{Cupric  salt  a  little 
damp.  Tin  tube 
completely  shatter- 
ed by  the  explosive. 

{Salt  a  little  damp. 
Tin  tube  completely 
shattered  by  the 
explosive. 

J  Substance  dried, 
( melted,  &  powdered. 

( Substance       dried, 

<  melted,  and  pow- 
(  dered  very  fine. 

C  Simple  mixture  of 
I  substances,  powder- 
(  ed  and  dried. 

( Idem,  compressed  to 
( 15  atmos. 

[Cupric  salt  a  little 
( damp. 

Cupric  salt  very  dry. 

(Cupric  salt  a  little 

<  damp.  Tube  com- 
(pletely  shattered. 

(  Cupric  salt  a  little 
( damp. 

!Idem.  Tube  com- 
pletely shattered. 

Salt  a  little  damp. 

Salt  very  dry. 

Salt  very  dry. 

Salt  a  little  damp. 


771-6  23-15     -21     8-27     Salt  very  dry. 


10.      NlTROMANNITE. 


22  Sept.  (6) 

Nitromannite 

Paper 

416-7 

2315 

•44 

17-32 

Strongly  compressed 

22  Sept.  (7) 

do. 

do. 

385-8 

23-15 

•62 

24-41 

Powdered 

22  Sept.  (8) 
22  Sept.  (9) 

do. 
do. 

Tin  0-98  in. 

and  1-22  in. 

do. 

385-8 
385-8 

23-15 
23-15 

•42 
•45 

16-54 
17-72 

do. 
do. 

22  Sept.(lO) 
27  Sept.  (4) 

do. 
do. 

Tin  0-98  in. 

and  1-57  in. 

do. 

385-8 
617-3 

23-15 
23-15 

•49 
•78 

19-29 

30-71 

do. 
do. 

22  Sept.(ll) 

do. 

Tin  0-98  in. 
and  1-77  in. 

385-8 

23  15 

•53 

20-87 

do. 
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B.    Experiments  on  Detonation  in  the  Closed  Boiler,  containing  Air  onlt. 

Continued. 


Nature  of 

o  y 

tea 

Pressure 

Dates. 

Nature  of  Explosive. 

i  lovei  Ing 
of  the 

•g>2 

of 

Water 

Remarks. 

Explosive. 

ts« 

>"5 

Column. 

11.    Various  Explosives. 


6  Aug.   (1) 
UJuly   (3) 

22  Sept.  (1) 

11  Aug.  (10) 


15  mining  cotton,    ) 
85  nitrate  of  amui.  ) 

Nitrate  of  ammonia 

do. 

i  4  plugged  detona-  \ 
I  tors  of  23-15  grs.  ea. ) 


Grs. 

Grs. 

M. 

In. 

Paper 

771-6 

23-15 

•37 

14-57 

Tin  0-98  in. 

771-6 

23-15 

025 

0-98 

and  1-57  in. 

Tin  0-98  in. 

771-6 

23-15 

•14 

5-51 

and  177  in. 

Tin  0-98  in. 
and  l-57  in. 

92-59 

•015 

0-59 

PRACTICAL  EXPERIMENTS  IN  COLLIERIES 


ON   EXPLOSIVES  COMMENDED   BY  THE 


EXPLOSIVE  SUBSTANCES  COMMISSION. 


SUMMHY  OF  THE  KEPOBTS  ON  THE  EXPEEIMENTS. 

By  Er.  MALLARD. 


An  account  of  the  experiments  made  by  the  Explosive  Substances  Commission, 
on  the  use  of  explosives  in  the  presence  of  fire-damp  was  recently  published.  It 
may  be  remembered  that  the  Commission  arrived  at  conclusions  which  may 
be  summarised  as  follows  : — 

(1).  An  explosive,  whose  detonation  is  due  to  the  explosive  wave,  may  be  harmless 
in  thepresenceof  fire-damp,  if  its  temperature  of  detonation  be  below  the  temperature 
of  ignition  of  fire-damp.  It  is  only  necessary,  although  not  sufficient,  that  the 
temperature  of  detonation  should  be  less  than  3,992  degs.  F.  The  degree  of  safety 
becomes  greater  as  the  temperature  of  detonation  falls  below  this  figure  ;  and  it 
may  be  sufficient  when  it  is  reduced  to  2,732  degs.  or  2,912  degs.  F. 

(2).  The  temperature  of  detonation  of  an  explosive,  i.e.,  the  temperature  to 
which  the  detonation  raises  the  products  of  the  decomposition,  maybe  approximately 
calculated  when  the  chemical  equation  governing  the  decomposition  is  known, 
and  also  the  amount  of  heat  disengaged  corresponding  to  it ;  and  when  it  is 
assumed  that  the  specific  gaseous  heats  vary  with  temperature  according  to  the 
laws  indicated  by  Messrs.  Mallard  and  Le  Chatelier. 

(3).  The  explosives  which,  in  the  present  state  of  knowledge,  appear  suitable 
for  use  in  fiery  mines  are  at  least  dual  mixtures.  One  of  the  substances  is  intended 
to  diminish  the  temperature  of  detonation ;  and  it  is  important,  as  regards  the  useful 
effect,  that  this  substance  should  be  itself  an  explosive ;  consequently,  nitrate 
of  ammonia  is  used,  whose  temperature  of  detonation  barely  exceeds  1,832  degs.  F. 

Accepting  these  general  principles,  the  Commission  experimented  with  a 
number  of  mixed  explosives,  which  complied  with  the  conditions  recognised  as 
essential  for  safety,  and  expressed  their  desire  that  these  mixtures  should  be  tested 
in  mines,  in  order  to  ascertain  their  practical  value.  The  directors  of  the 
Government  Powder  Mills  at  once  complied  with  their  desire,  and  two  successive 
parcels  were  sent  to  the  managers  of  Anzin,  Firminy,  Blanzy,  and  Ronchamp 
collieries,  who  were  desirous  of  carrying  out  the  experiments  proposed  by  the 
Commission. 
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The  first  of  these  parcels,  sent  during  September,  1888,  contained  22-05  pounds 
of  each  of  the  following  mixtures  : 

I.  30  parts  of  dyuamito  (containing  25  per  cent,  of  silica)  and  70  parts  of  nitrate 
of  ammonia  ; 
II.  10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia  ; 
III.   15  parts  of  octonitric  gun-cotton  and  85  parts  of  nijtrate  ammonia. 
The  second  supply  sent  during  January,  1889,  contained  33  07  pounds  of  each 
of  the  following  mixtures  : 

I.  20  parts  of  nitrate  of  cupro-ammonia  and  80  parts  of  nitrate  of  ammonia  ; 
II.  70  parts  of  nitrate  of  cupro-ammonia  and  30  parts  of  nitrate  of  ammonia; 

III.  5  parts  of  naphthalene  and  95  parts  of  nitrate  of  ammonia  ; 

IV.  20  parts  of  dynamite  (containing  25  per  cent,  of  silica)  and   80   parts    of 

nitrate  of  ammonia. 

These  explosives  were  made  up  in  cartridges  of  771"6  and  1,543*2  grains, 
protected  by  a  double  wrapping  of  paper  soaked  in  paraffin.  The  mine  managers 
who  were  desirous  of  making  the  trials,  were  requested  to  compare  the  results 
obtained  by  the  use  of  the  new  explosives,  both  in  stone  and  in  coal,  with  those 
obtained  with  dynamite  and  with  powder,  both  as  regards  the  bulk  and  the  con- 
dition of  the  coal  detached. 

The  reports  addressed  to  the  Commission  from  the  mines  at  which  the 
experiments  were  made,  are  published  in  detail.  It  was  thought  useful  to  preface 
them  with  this  short  note  summarising  the  principal  results  obtained. 


I.— MIXTURES  CONTAINING  EITHER  NAPHTHALENE  OR  NITRATE  OF  CUPRO-AMMONIA. 

The  mixture  composed  of  5  parts  of  naphthalene  and  95  parts  of  nitrate  of 
ammonia  shewel  a  decidedly  deficient  facility  of  detonation.  The  same  defect 
occurred  with  the  mixture  containing  20  parts  of  nitrate  of  cupro-ammonia  and  80 
parts  of  nitrate  of  ammonia. 

The  mixture  containing  70  parts  of  nitrate  of  cupro-ammonia  and  30  parts  of 
nitrate  of  ammonia  caused  several  missed  shots ;  and  the  fear  is  specially  mentioned 
that  the  cupreous  vapours,  disengaged  by  the  detonation,  may  affect  the  health  of 
the  workmen. 

II. — MIXTURES  CONTAINING  NITRO-GLYCERINE. 

Mixtures  of  dynamite  have  in  every  case  been  considered  as  possessing  a  very 
satisfactory  facility  of  detonation  ;  no  missed  shots  have  been  reported,  and 
detonation  has  been  effected  of  the  mixture  of  20  parts  of  dynamite  and  80  parts  of 
nitrate  of  ammonia,  by  detonators  containing  ir57  grains  of  fulminate,  or  with 
the  extra  strong  detonators  of  the  Dynamite  Company. 

The  explosive  power  of  these  mixtures,  compared  with  that  of  blasting-gelatine 
and  dynamite  no.  1,  has  been  estimated  as  shewn  in  the  following  table  : — 


Nature  ok  Explosive. 

ANZIN.                        FlRMINY. 

Blakzt. 

Ron- 
champ. 

Trials  in 

Blocks  of 

Lead. 

Trials 

in 
Stone. 

Trials 

in 
Coal. 

Trials 

in 
Stone. 

Trials 

in 
Stone. 

Blasting-gelatine 
Dynamite  no.  1   ... 
30  dynamite,  70  nitrate 
20  dynamite,  SO  nitrate 

100-0 
81-2 
54 -8 
51-9 

oo-o       100-0 

75-0         57  0 
64-8         42-5 

100-0 
67  0 
76  0 
50-0 

100  0 
80-0 
77  6 
36-8 
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The  Anzio  experiments  were  made  according  to  the  well-known  method,  by 
placing  154-3  grains  of  the  explosive,  covered  by  a  stemming  of  sand,  ]  97  inches 
thick,  in  cylindrical  cavities  bored  in  the  middle  of  a  block  of  lead.  After  the 
explosion,  the  volume  which  the  cavity  occupied  was  measured,  a  volume  which 
remains  almost  constant  for  each  explosive  fired,  under  the  same  conditions. 

The  ratios  of  the  volumes  thus  measured  for  the  various  explosives,  may  be 
considered  as  giving  the  proportion  of  their  explosive  forces. 

In  the  trials  made  in  stone,  the  method  adopted  at  Anzin,  Firminy,  and  Blanzy, 
as  will  be  seen  from  the  appended  reports,  consisted  in  firing  shots  with  the  new 
explosives,  and  in  estimating  what  charge  of  blasting-gelatine,  for  instance,  would 
have  been  used  to  produce  the  same  result.  It  is  evident  that,  even  assuming 
things  at  the  best,  accuracy  could  only  be  approached  after  a  very  large  number 
of  tests. 

At  Ronchamp,   the  system  used,  appears  at   first   sight   to   be    more    exact. 
The  new    explosives,   and  no.    1   dynamite  were  used  successively  at  the  face 
of  a  stone  drift.     In  each  case,  the  charge  employed  and  the  mass  of  stone  broken 
down  were  noted  ;  by  this  means,   with  each  explosive,   the  ratio  of  the  mass 
detached  and  the  weight  of  the  charge  used,  could  be  compared.     Unfortunately, 
this   method   of   procedure   is   only    exact  if,  for  each  substance,    there    was   a 
certainty  that  each  charge  was  so  proportioned  to  the  resistance  as  to  obtain  the 
maximum  useful  effect.     For  instance,  in  the  experiments  made  with  the  mixture 
of  20  parts  of  dynamite  and  80  parts  of  nitrate,  the  stone  was  exceptionally  hard 
and  the  shot-holes  being  drilled  in  the  same  manner,  were  charged  with  practically 
equal  weights,  both  of  the  new  explosive,  and  of  no.   1  dynamite.     The  most 
feeble  explosive  was  then  certainly  used  at   a  disadvantage,  and  the  ascertained 
useful  effect  was  less  than  that  which  would  probably  have  been  observed,  if,  other 
things  being  equal,  the  charge  of  the  dynamite-nitrate  mixture  had  been  increased 
in  a  proper  proportion.      This  may  be  the  true  explanation  of  the  very  low  value 
of  the   explosive   force   of  the   mixture  of  20  parts  of   dynamite  and  80  parts 
of  nitrate,  compared  to  that  of  no.   1  dynamite  observed  at  Ronchamp,     On  the 
other  hand,  the  explosive  force  of  the  mixture  of  30  parts  of  dynamite  and  70  parts 
of  nitrate,  ascertained  in  a  very  easily  worked  stone,  may  have  been  estimated  too 
highly. 

Under  this  uncertainty,  it  would  perhaps  be  advisable  to  adhere  provisionally  to 
the  results  obtained  by  the  experiments  in  blocks  of  lead,  which  show  for  the  two 
mixtures,  what  is  very  probable,  very  little  difference  in  explosive  power,  which 
appears  to  be  a  little  more  than  half  of  that  of  blasting-gelatine,  and  to  two- 
thirds  of  that  of  dynamite  no.  1,  and  double  that  of  compressed  blasting-powder. 
The  four  reports  are  unanimous  in  stating,  that  no  difficulty  would  be  encountered 
in  the  practical  employment  of  these  mixtures  of  dynamite  and  nitrate  of  ammonia 
The  two  mixtures  shew  only  a  very  slight  difference  in  explosive  force,  and* 
therefore,  the  one  which  affords  the  maximum  of  safety,  that  containing  20  parts 
of  dynamite  and  80  parts  of  nitrate,  is  the  one  which  should  be  adopted,  at  least 
in  the  working  of  coal,  which  is  the  most  dangerous. 

The  production  of  disagreeable  fumes  is  recorded  at  Blanzy,  Ronchamp,  and 
Firminy.  An  explanation  of  this  phenomenon  was  found  at  the  Firminy  colliery 
The  fumes  were  due  to  the  paraffin,  with  which  the  double  paper  covering 
of  the  cartridge  was  saturated  ;  and  they  disappeared  when  the  outside  paper  was 
removed,  and  the  paraffin  adhering  to  the  interior  paper  was  scraped  off. 

Certain  inconveniences  were  also  experienced  at  Firminy,  manifestly  arising 
from  the  necessarily  imperfect  manufacture  of  the  cartridges  used.  When  manu- 
factured on  a  commercial  scale,  probably  these  would  disappear. 
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Mixtures  of  nitro-glycerine  and  nitrate  of  ammonia  have  already  been  tried  at 
Anzin  on  a  considerable  scale. 

A  very  interesting  report  (*)  on  this  subject  has  been  made  by  Mr.  Francois,  who 
superintends  the  underground  workings  at  Anzin  collieries.  The  Commission  sug- 
gested (+)  the  advantage  there  would  be  in  suppressing  the  silica  (as  an  inert  matter). 
At  Anzin,  a  mixture  of  12  parts  of  nitro-glycerine  slightly  gelatinised,  and  88  parts 
of  nitrate  of  ammonia  has  been  used.  According  to  calculations  made  at  Anzin  on 
the  lines  of  those  made  by  the  Commission,  the  temperature  of  detonation  of  this 
mixture  should  be  about  2,732  degs.  F.,  or  practically  the  same  as  that  of  the 
mixture  of  20  parts  of  dynamite  and  80  parts  of  nitrate.  This  substance  has  the 
advantage  of  being  more  plastic  and  a  little  denser  (T04  instead  of  094).  The  explo- 
sive power  is  greater,  and  has  been  considered  by  the  Anzin  engineers  from  their 
experiments  as  equal  to  111,  that  of  dynamite  no.  1  being  100,  and  that  of 
blasting-gelatine  185.  The  substance  detonates  easily  under  the  action  of  a  detonator 
containing  11 '57  grains  of  fulminate. 

It  is  sold  by  the  Dynamite  Company  at  Is.  6 '3d.  per  pound.  The  price  of 
blasting-gelatine  is  2s.  T8d.  per  pound,  or  Is.  5*2d.  per  pound  duty  deducted.  The 
nitrate  of  ammonia  costs  4*3d.  per  pound  ;  taking  these  figures,  the  selling  price  of 
the  mixture  should  be  5*9d.  per  pound  and  Is.  2'5d.  per  pound  including  duty. 

Two  tons  of  this  explosive  has  already  been  employed  at  Anzin,  and  it  has 
proved  very  satisfactory  in  the  work  of  enlarging  roads  ;  no  explosive  is  used  at 
Anzin  in  getting  coal. 

In  stone-work,  for  which  the  mixture  of  12  parts  of  nitro-glycerine  and  88  parts 
of  nitrate  is  considered  as  rather  light,  it  has  been  proposed  to  use  mixtures 
containing  20  to  30  parts  of  gelatinised  nitro-glycerioe. 

A  note  (£)  has  been  kindly  forwarded  by  Mr.  Viala,  the  director  of  the  Li6vin 
collieries  (Pas-de-Calais).  They  use,  under  the  name  of  grisoutines  A  and  B, 
mixtures  supplied  by  the  Dynamite  Company,  and  which  appear  to  be  : — (A.)  a 
mixture  of  20  parts  of  dynamite  and  80  parts  of  nitrate  of  ammonia,  and  (B)  a  mix- 
ture of  12  parts  of  nitro-glycerine  and  88  parts  of  nitrate  of  ammonia,  but  it 
appears  that  they  have  not  been  able  to  ascertain  from  the  company  the  exact 
proportions  of  these  mixtures. 

It  may  be  pointed  out  that  serious  consequences  result  from  putting  into  the 
market  explosive  mixtures,  under  fancy  names ;  it  being  impossible  for  the  users 
to  know  either  their  composition  or  their  proportions.  Under  these  circumstances, 
the  identity  of  the  substance  is  in  no  way  guaranteed  by  its  name,  and  even  the 
most  lengthy  experiments  lose  all  their  value,  when  the  material  with  which  they 
have  been  made  is  not  exactly  known.  In  the  absence  of  legal  enactment,  which 
seems  necessary,  the  managers  of  mines  should  exact  from  the  manufacturers 
the  precise  composition  of  the  explosives  with  which  they  are  supplied. 

Whatever  this  may  be,  neither  of  these  last-mentioned  explosives  ignited  a 
gaseous  mixture  containing  10  per  cent,  of  coal-gas  and  air,  when  detonated, 
without  stemming,  at  the  bottom  of  a  hole  drilled  in  a  block  of  steel ;  ignition  has 
only  occurred  when  the  gaseous  mixture  contained  12  per  cent,  of  coal-gas.  In  our 
opinion,  these  results  should  be  considered  as  very  satisfactory,  if  it  be  remem- 
bered that  mixtures  of  air  and  coal-gas  are  more  inflammable  than  those  of  air  and 
fire-damp,  and  that  the  detonation  of  a  cartridge,  at  the  bottom  of  a  shot-hole, 
without  any  stemming,  appears  nearly  impossible,  unless  expressly  intended  by 
the  workman. 

It  was  found  that  the  new  explosives  are  easily  used,  and  do  not  give  off 
disagreeable  fumes. 

(«)  Page  136.  (t)  Page  88.  (J)  Page  141. 
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III. — MIXTURES  CONTAINING  EITHER  GUN-COTTON  OR  DINITROBENZOL. 

Mixtures  containing  15  parts  of  octonitric  cotton  and  85  parts  of  nitrate  of 
ammonia,  and  10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia  have 
been  very  variably  estimated  as  regards  their  facility  of  detonation. 

At  Ronchamp,  no  missed  shots  are  mentioned,  the  extra  strong  detonators 
of  the  Dynamite  Company  being  used. 

At  ADzin,  where  plugged  detonators  containing  23'15  grains  of  fulminate  were 
used,  only  one  missed  shot  occurred  with  the  mixture  of  10  parts  of  dinitrobenzol 
and  90  parts  of  nitrate. 

At  Firminy,  where  the  same  detonators  were  used,  one  miss-fire  occurred  in  34 
shots  with  the  mixture  of  15  parts  of  cotton  and  85  parts  of  nitrate  of  ammonia,  and 
two  mis-fires  out  of  21  shots  with  the  dinitrobenzol  and  nitrate  mixture. 

At  Blanzy,  the  explosion  of  the  charge  was  not  certain,  even  when  detonators 
were  used  containing  30 "86  and  46*30  grains  of  fulminate. 

The  results  given  by  these  two  explosives  need  not  be  further  discussed  (*)  as 
further  experiments  are  to  be  made  on  cartridges  manufactured  at  the  Sevran-Livry 
Powder  Mills  with  improvements  suggested  by  the  experiments,  and  a  detailed 
account  of  which  will  be  appended. 

IV. — INSTANTANEOUS  FOSE. 

Instantaneous  fuses  are  used  in  military  operations,  made  of  a  more  or  less  flexible 
tube  of  lead,  tin,  gutta-percha,  &c,  containing  a  high  explosive  such  as  gun-cotton, 
dynamite,  &c.  These  fuses  can  transmit  the  explosion  with  remarkable 
speed.  Mr.  Berthelot,  (+)  from  experiments  made  by  the  Explosives  Substances 
Commission  gives  indeed  a  mean  velocity  of  17,000  feet  per  second  as  representing 
the  speed  with  which  the  explosive  wave  is  propagated  through  an  instantaneous 
fuse  of  lead,  of  about  "04  inch  internal  diameter,  filled  with  compressed  gun-cotton. 

These  instantaneous  fuses  can  be  used  when  blasting  in  mines,  by  placing  one  of 
the  ends  into  the  cartridge  and  by  covering  the  free  end  with  a  special  detonator 
with  two  open  ends  ;  the  safety  fuse  being  placed  in  the  remaining  opening. 

The  advantages  are  considerable  :  on  one  hand  the  stemming  is  made  with 
greater  safety ;  and  on  the  other,  several  cartridges  can  be  fired  with  practically 
perfect  simultaneousness.  It  is  sufficient  to  attach  to  the  principal  fuze  another 
piece  of  fuze,  and  to  cut  both  so  as  to  expose  the  explosive  at  the  point  of  contact ; 
and  to  ensure  their  contact  by  wrapping  the  two  fuses  together  with  string. 

About  220  yards  of  fuse,  made  of  compressed  gun-cotton  in  a  tin  tube, 
was  sent  to  each  colliery. 

At  Anzin,  the  contrivance  was  considered  as  hardly  practicable,  and  without 
interest.  At  Firminy,  opinion  was  a  little  less  unfavourable.  Mr.  Mathet,  at 
Blanzy,  considered  that  the  instantaneous  fuses  could  be  used  advantageously 
when  firing  a  number  of  simultaneous  shots  in  the  gobbing  quarries.  No  reply 
was  received  from  Ronchamp. 

APPENDIX. 

Since  the  report  was  sent  to  the  printers,  a  communication  (J)  has  been  received 
from  Mr.  Francois,  of  Anzin,  giving  an  account  of  experiments  made  with  the 
mixtures  containing — (a)  10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of 
ammonia,  and  (b)  10  parts  of  octonitric  cotton  and  90  parts  of  nitrate  of  ammonia. 
These  explosives  were  carefully  manufactured  at  the  Sevran-Livry  Powder  Mills, 
and  sent  for  trial  to  several  mine  owners. 

(*)  See  page  139. 

(t)  Comptes  rendus  de  1'Academie  des  Sciences.— Vol.  C,  page  314  (Feb.  9, 1885). 

(t)  See  page  139. 
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The  mixture  containing  dinitrobenzol  will  be  shortly,  it  is  said,  placed  on  the 
market  by  the  company  owning  the  Favier  patents. 

The  Explosives  Administration  announces  that  it  has  placed  the  cotton  mixture 
on  the  market  at  the  price  of  Is.  5-2d.  per  pound. 

Mr.  Francois'  note  accompanies  this  report  (*).  He  appears  to  be  satisfied  with 
the  cartridges  manufactured  at  Sevran-Livry  Powder  Mills. 

Mr.  Francois,  in  this  note,  treats  of  mixtures  made  of  gelatinised  nitro-glycerine 
and  nitrate  of  ammonia,  which  are  now  currently  used  in  the  fiery  Anzin  collieries, 
where  more  than  20  tons  have  already  been  used.  Three  kinds  are  used,  containing 
respectively  12,  20,  and  30  parts  of  gelatinised  nitro-glycerine ;  whose  corresponding 
temperatures  of  detonation  are,  in  round  numbers,  2,732  degs.,  2,912  degs.,  and 
3,452  degs.  F. ;  and  their  explosive  forces  have  been  estimated  at  111,  118,  and  122, 
that  of  no.  1  dynamite  being  100.  The  two  first  mixtures,  and  especially  the  first, 
should  be  preferably  used  in  the  working  of  coal,  and  the  third  in  working  of 
stone. 

(*)  See  page  136. 
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FIRST  SERIES  OF  EXPERIMENTS. 


I.— ANZIN  COLLIERIES. 

REPORT  ON   THE   PRACTICAL   EXPERIMENTS   WITH  THE   EXPLOSIVES   RECEIVED  FROM 
THE   SEVRAN-LIVRY  POWDER   MILLS. 

Preliminary  Experiments.— Before  making  the  practical  experiments  requested 
by  the  Explosive  Substances  Commission,  a  few  preliminary  experiments  were 
made  to  ascertain  the  explosive  power  of  each  of  the  three  mixtures  to  be  used.  For 
this  purpose  154-3  grains  of  each  of  the  explosives  was  detonated  in  cubes  of  lead, 
7 '87  inches  on  each  side.  These  cubes  were  fitted  with  a  cylindrical  hole,  0  47 
inch  diameter  and  472  inches  deep.  The  explosives  were  stemmed  carefully 
into  the  hole,  the  detonator  containing  23-15  grains  of  fulminate  was  placed  on  the 
top,  and  the  hole  was  then  filled  up  with  very  fine  dry  sand. 

These  experiments  were  several  times  repeated  with  the  explosives,  and  with 
blasting-gelatine,  and  no.  1  dynamite,  and  from  these  repeated  trials,  the  following 
table  was  prepared,  shewing  the  power  of  these  explosives,  assuming  that  the 
volumes  of  the  cavities  produced  are  proportional  to  the  power  of  the  respective 
explosives,  that  of  blasting-gelatine  being  taken  at  100  : 


Nature  of  Explosive. 

Length 

of 

Stemming. 

Volume 

before 

Explosion. 

Volume 

after 

Explosion. 

Power 

of 

Explosive. 

Blasting-gelatine  (Dynamite  Company)    ... 

Inches. 

1-97 

Cubic  In. 
■824 

Cubic  In. 
22  534 

100  00 

10  dinitrobenzol,  90  nitrate  of  ammonia  ... 

1-18 

•824 

14-656 

65-04 

30  dynamite,  70  nitrate  of  ammonia 

1-18 

•824 

12-449 

55-25 

15  gun-cotton,  85  nitrate  of  ammonia 

0  39 

•824 

12-032 

53-40 

No.  1  dynamite  (Dynamite  Company) 

1-97 

•824 

18  074 

80-21 

It  was  thought  that  the  length  of  stemming  above  the  charge  of  explosive  might 
have  a  certain  influence  on  the  results.  In  the  case  of  blasting-gelatine  and  no.  1 
dynamite,  with  197  inches  of  stemming,  the  excavation  took  the  shape  shewn 
in  figure  1,  whilst  the  other  explosives,  where  there  was  less  stemming,  produced 
excavations  similar  to  that  shewn  in  figure  2.      It  is  evident  that  the  orifice  of 


II 

.'! 

;! 

Figure  1.  Pigure  2. 

issue  for  the  gases  is  not  the  same  in  the  two  cases,  and  it  may  be  supposed,  with 
the  mixtures  of  the  Commission,  that  the  gases  escaped  before  utilising  all  their 
explosive  force  in  producing  the  excavation. 
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Other  experiments  were  then  made  by  increasing  the  height  of  the  leaden  blocks 
so  as  to  have  197  inches  of  stemming  above  the  charge,  all  the  other  conditions 
being  the  same  as  in  the  preceding  experiments. 

The  holes  produced  have  been  very  similar  to  that  of  figure  1,  but  a  marked 
increase  of  volume  only  occurred  in  the  case  of  the  mixture  of  gun-cotton  and 
nitrate  of  ammonia  : 


Nature  of  Explosive. 

Length 

of 
Hole. 

Length 

of 

Stemming. 

Volume 

before 

Explosion. 

Volume 

after 

Explosion. 

Power 

of 

Explosive. 

Inches. 

Inches. 

Cubic  Iu. 

Cubic  In. 

Blasting-gelatine  (Dynamite  Com- 
pany)        

4-72 

1-97 

•824 

22'534 

100  00 

10    dinitrobenzol,    90    nitrate   of 
ammonia... 

5  51 

1-97 

•961 

14-036 

6229 

30  dynamite,  70nitrateof  ammonia 

551 

1-97 

•961 

12  358 

54-84 

15     gun-cotton,     85     nitrate     of 
ammonia  .. 

6  30 

1-97 

1098 

16-019 

7109 

No.  1  dynamite  (Dynamite  Com- 
pany)         

472 

1-97 

•824 

18-075 

80-21 

Practical  experiments  were  made  by  blasting  in  coal  and  stone,   after   these 
results  were  obtained. 


Comparison  with  Blasting-Powder. 
Experiments  in  Coal. — Miners  do  not  use  explosives  in  working  coal  in  the 
Anzin  collieries  ;  nevertheless,  the  two  following  series  of  experiments  were  made, 
which  include  most  of  the  conditions  found  in  practice.  The  experiments  were 
made  in  the  Renard  Pit  in  the  Henriette  seam,  which  is  1  foot  11 J  inches  thick. 
In  the  tirst  series,  the  shot  holes  a  b  (figure  3)  were  drilled  3  feet  114;  inches  deep 


Figure  4. 


Figure  3. 
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in  a  direction  at  right  angles  to  the  working  face.  The  shading  shews  the  planes 
of  cleavage.  These  shots  should  detach  the  prism  of  coal  a  b  c.  [Figure  4  shews 
the  details,  A  B  is  a  shot-hole  in  front  of  the  gateway,  and  this  shot  should 
detach  the  prism  of  coal  DBC]  Several  absolutely  similar  shots  were  fired  with 
compressed  blasting-powder,  and  with  the  three  explosives,  and  it  was  found  that 
the  following  were  the  amounts  required  to  produce  equal  effects  : — 

Compressed  blasting-powder  5 '0  ounces, 

Dynamite  and  nitrate  of  ammonia  ...         3  0      ,,     , 

Dinitrobenzol  and  nitrate  of  ammonia     ...         2  5       ,,      , 

Gun-cotton  and  nitrate  of  ammonia  ...         2'5       ,,      , 

whence  the  comparative  power  of  an  equal  weight  of  these  explosives  would  be 

(that  of  blasting-powder  being  taken  at  100)  : — 

Compressed  blasting-powder      ...         ...         ..  ...         ...         100, 

Dynamite  and  nitrate  of  ammonia         166|, 

Dinitrobenzol  and  nitrate  of  ammonia 200, 

Gun-cotton  and  nitrate  of  ammonia      ...         ...         ...         ...         200. 

In  every  case,  whether  the  prism  of  coal  wa3  removed  by  hand,  with  blasting- 
powder,  or  with  the  other  explosives,  the  coal  is  always  very  small. 

In  the  second  series  of  experiments,  the  holes  were  drilled,  a  b  (figure  5),  3  feet 
3£  inches  deep,  for  the  purpose  of  detaching  the  block  of  coal  abed.  [Figure 
6  shews  the  details,  the  shot  E  F  being  intended  to  dislodge  the  piece  of  coal 
E  F  G  H.]  All  the  shots  were  fired  under  the  same  conditions,  the  blasting- 
powder  also  being  ignited  with  a  detonator  containing  23'15  grains  of  fulminate. 
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Figure  5. 
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From  a  comparison  of  the  results  obtained,  the  relative  power  of  an  equal 
weight  of  the  explosives  would  be  (that  of  blasting-powder  being  taken  at  100)  :  — 

Compressed  blasting-powder      100, 

Dynamite  and  nitrate  of  ammonia        1661, 

Dinitrobenzol  and  nitrate  of  ammonia 166f, 

Gun-cotton  and  nitrate  of  ammonia     ...  200. 

The  mixture  of  dinitrobenzol  and  nitrate  of  ammonia  produced  the  same 
proportion  of  round  coal  as  blasting-powder.  The  other  two  explosives  produced 
about  12  per  cent,  more  small  coal.  In  one  of  the  shots,  charged  with 
dinitrobenzol  and  nitrate  of  ammonia,  the  detonator  exploded  without  detonating 
the  explosive. 


Comparison  with  Blasting- Gelatine. 

Experiments  in  Stone. — It  was  considered  most  important  to  see  how  these 
explosives  acted  in  making  roadways  in  thin  seams  in  fiery  pits. 

Dynamite  is  used  for  this  work  at  the  Anzin  collieries.  A  hole  is  drilled 
3  feet  11|  inches  deep  in  the  thill  of  the  roadways,  as  shewn  in  figures  7  and  8, 


Figure  7. 


Figure  8. 
and  9  and  10,  and  this  shot  usually  lifts  3  feet  4  inches  in  thickness  of  stone,  in 
the  case  of  a  working  seam  1  foot  11 J  inches  thick. 
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Several  shots  were  fired  under  the  same  conditions,  with  blasting-gelatine,  and 
with  the  three  experimental  explosives,   and  the  following  are  the  ascertained 
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values  of  the  explosive  force  for  equal  weights,  that  of  blasting-gelatine  being  taken 

at  100  : 

Blasting-gelatine  (Dynamite  Company)     100, 

Dinitrobenzol  and  nitrate  of  ammonia        ...         ...         ...         ...       80, 

Dynamite  and  nitrate  of  ammonia  ...         ...         ...         ...       75, 

Gun-cotton  and  nitrate  of  ammonia  ...         ...         72. 

These  explosives  reduced  the  stone  to  smaller  pieces  than  blasting-gelatine, 

which  is  desirable. 

The  explosives  were  also  tried  in  drifts  driven  by 
machine  drills,  (*)  and  excellent  results  were  obtained, 
comparable,  as  regards  explosive  power,  to  those 
obtained  in  the  enlargement  of  roads,  so  long  as  the 
charge  did  not  exceed  6,173  grains. 

This  fact  caD  be  explained  in  the  following  man- 
ner : — a  shot  charged,  for  instance,  with  the  least 
voluminous  mixture  (dinitrobenzol  and  nitrate  of 
ammonia)  occupies  2  feet  3*56  inches  of  the  length  Figure  11. 
of  the  hole,  whilst  the  corresponding  charge  of  blasting-gelatine  only  occupies 
11*81  inches.  In  hard  stone,  where  heavy  charges  are  required,  it  is  evident  that 
the  charge  which  occupies  the  least  length  of  hole  will  shatter  the  stone  more 
thoroughly  than  a  charge  of  equal  power  of  another  explosive,  which  would  occupy 
a  greater  length  of  hole.  This  has  been  frequently  ascertained,  shots  charged 
with  blastiDg-gelatine  shattered  the  stone  back  to  the  end  of  the  hole,  while 
equally  powerful  charges  of  the  Commission's  explosives  only  shattered  the  stone 
for  8  or  12  inches  at  the  outer  end  of  the  hole,  even  when  the  charge  exceeded 
5,400  or  6,200  grains. 

[(*)  The  position  and  order  of  firing  of  the  various  shots  is  shewn  in  figure  11,  blasting-gelatine 
was  always  used  in  the  case  of  nos.  1,  2,  and  3  shots,  and  the  mixed  explosives  were  used  in  nos. 
4,  5,  6,  7,  8,  and  9  holes.  The  holes  were  3  feet  Hi  inches  long.  The  beds  of  schist  were  horizontal , 
with  about  1  foot  8  inches  of  post  near  the  roof.] 
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Lastly,  each  of  the  three  explosives  were  fired  in  holes  tamped  with  water.  A 
cartridge  of  blasting-gelatine  contained  the  detonator.  The  effects  produced 
were  similar  to  those  obtained  with  ordinary  stemming. 

Speaking  generally,  the  fumes  are  less  obnoxious  than  those  produced  by 
blasting-gelatine. 

Conclusions. 

Briefly,  the  experiments  have  been  very  satisfactory.  The  mixture  of  10  parts 
of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia,  gave  the  best  result  for  heavily 
charged  shots,  which  may  be  easily  explained  by  accepting  the  last-named  theory, 
and  remembering  that  this  explosive  is  the  least  voluminous.  The  mixture  of 
gun-cotton  and  nitrate  of  ammonia,  which  gave  the  best  results  in  the  two  trials 
in  lead,  resumes  its  superiority  in  lightly  charged  shots,  and  this  was  confirmed  by  the 
second  series  of  experiments  in  coal,  where  all  the  shots  were  lightly  charged. 
This  mixture  is  the  most  voluminous  one. 

For  shots  requiring  charges  heavier  than  6,173  grains,  it  will  always  be  advisable 
to  use  blasting-gelatine,  whose  use  is  always  preferable  in  stone  drifts  and  staples 
driven  by  machine  drills.  The  new  explosives  advantageously  replace  blasting- 
gelatine,  no.  1  dynamite,  and  blasting-powder,  for  coal-getting,  and  for  stone 
work,  especially  in  the  enlargement  of  roads  in  fiery  mines. 

The  771  '6  grain  cartridge  is  5 '91  inches  long  with  the  mixture  of  gun-cotton  and 
nitrate  of  ammonia,  4 '92  inches  with  the  mixture  of  dynamite  aDd  nitrate  of 
ammonia,  4-33  inches  long  with  the  mixture  of  dinitrobenzol  and  nitrate  of 
ammonia,  whilst  the  1,5432  grains  cartridges  of  the  various  kinds  of  dynamite  are 
only  4*72  inches  long. 

Undoubtedly  the  results  given  by  these  explosives  could  be  improved,  if  they 
were  compressed  into  smaller  volumes. 

Two-thirds  should  be  supplied  in  1,543*2  grains  cartridges  of  1*18  inches 
diameter,  and  the  remainder  in  771 '6  grains  cartridges. 

At  the  end  of  a  month,  the  explosives  in  the  cartridges  were  still  very  dry,  and 
in  good  condition. 

Instantaneous  Fuse. 

The  instantaneous  fuse  weighs  470  grains  per  running  foot,  and  contains  about 
154*47  grains  of  gun-cotton.  On  explosion,  the  tin  tube  is  shattered  to  fragments. 
It  should  only  be  used  in  the  simultaneous  firing  of  several  shots.  A  long  time  and 
much  skill  is  required  to  make  the  junctions  on  the  fuse  which  is  attached  to  the 
ordinary  safety  fuse,  and  in  the  experiments  which  have  been  made  there  has 
always  been  at  the  least  one  missed  shot  to  four  shots  properly  fired. 

With  electricity,  several  shots  could  be  tired  simultaneously  in  a  more  rapid  and 
economical  way. 

12th  October,  1888. 

[Note.— The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the 
Annates  des  Mines,  1889,  Vol.  16,  pages  30-37.] 
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II.— BLANZY  COLLIERIES. 

TRIALS  OF  THE  NEW  EXPLOSIVES  FROM  THE  SEVRAN-LIVRY  POWDER  MILLS. 

Herewith  are  forwarded  the  results  (*)  obtained  with  the  three  kinds  of 
explosives,  of  which  three  sample  cases  of  100  cartridges  each  were  forwarded. 
These  results  are  divided  into  three  tables  under  the  headings  of  : — Explosives 
no.  1,  no.  2,  and  no.  3,  which  summarise  the  number  of  shots,  the  charge,  and 
the  mass  detached  in  tubs  containing  1,234  pounds. 

In  addition  to  the  tables,  there  is  a  detailed  statement  giving,  for  each  shot  of 
no.  1  explosive  (which  appears  to  be  the  only  practical  one),  all  the  details  relative 
to  the  firing  of  each  shot,  with  sketches  of  the  working  places,  the  effects  produced, 
volumes  detached,  the  effects  of  the  fumes  on  the  workmen,  &c,  &c. 

The  difficulties  which  have  been  experienced  in  detonating  no.  2  and  no.  3 
explosives,  and  particularly  the  latter,  render  them  certainly  of  little  practical  use. 


Instantaneous  Fuse. — Trials  of  instantaneous  fuse  for  the  simultaneous  firing  of 
several  shots  were  made  ;  but  the  unusual  consumption  of  strong  detonators,  and 
the  care  which  the  wrappings  require  when  ordinary  detonators  open  at  one  end 
are  used,  have  led  to  the  interruption  of  these  trials,  and  to  an  order  being  sent 
to  the  Gaupillat  Company  for  a  supply  of  coupling  detonators,  charged  with  30*86 
grains  of  fulminate. 

These  experiments  will  be  resumed  as  soon  as  these  detonators  are  supplied 
Only  two  experiments  have  been  made  with  the  following  results  : 
In  an  open  quarry  three  shot  holes  wore  drilled 
31 '50  to  35 '43  inches  deep,  the  distances  between 
each  hole  being  about  6  feet  6  inches.  The  fuse 
was  arranged  as  shewn  in  figure  12.  One  of  the 
ends  leading  from  the  charge  (1,543'2  grains)  of 
gelatine  in  no.  1  hole,  containing  a  strong 
detonator,  extended  along  the  ground  and 
entered  no.  3  hole  containing  a  charge  and 
detonator.  Another  end  of  fuse  with  charge 
and  detonator  was  placed  in  no.  2  hole,  and  was 
joined  to  the  first  by  simple  binding  at  A,  pre- 
pared by  exposing  the  substance  in  the  two  fuses 
and  then  uniting  the  bared  surfaces  with  strong 
string.     The    end   b   was   fitted   with   a   strong  Figure  12. 

detonator  which  was  united  to  another,  contain- 
ing the  end  of  the  ordinary  fuse  to  which  the  light  was  applied. 

[(*)  The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the  Annates 
des  Mines,  1889,  Vol.  16,  pp.  37-47. 

The  following  remarks  may,  however,  be  introduced. 

No.  1  Explosive,  containing  30  parts  of  Dynamite  and  70  parts  of  Nitrate  of  Ammonia— This 
explosive  was  ignited  completely  with  Abegg  electrical  detonators  (triple)  containing  8-33  grains  of 
fulminate.    No  flame  was  observed. 

No.  2  Explosive,  containing  15  parts  of  Gun-cotton  and  S5  parts  of  Nitrate  of  Ammonia.— This 
explosive  was  ignited  with  fuse  and  detonators  containing  30-86  grains  of  fulminate.  The  complete 
combustion  of  the  charge  has  not  been  always  produced  with  these  detonators,  in  two  cases  the 
explosive  remained  intact.    No  flames  were  observed. 

No.  3  Explosive,  containing  10  parts  of  Dinitrooenzol  and  90  parts  of  Nitrate  of  Ammonia*— This 
explosive  was  only  ignited  by  placing  the  detonator  in  the  midst  of  the  charge,  but  there  have  been 
charges  which  were  not  ignited.  In  the  last  two  experiments,  with  46-30  grains  detonators,  some 
of  the  explosive  was  left  intact  in  the  bottom  of  the  hole.    Flame  was  not  observed.] 
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The  result  was  satisfactory,  the  instantaneousne3s  perfect,  and  the  displacement 
of  stone  considerable.     The  length  of  fuse  employed  was  29£  feet. 

Five  shots,   1,  2,  3,  4,  and  5  (figure  13),  in  the  same  quarry  had  been  drilled 
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Figure  13. 
3  feet  7 '31  inches  deep  on  the  side  of  a   ledge.       They  were  capped,   charged, 
and  stemmed  as  before  ;    but  the  charge  of  gelatine  was  4,629*7  grains  for  each 
shot.     There  were  three  connections  from  fuse  to  fuse,  and  one  at  A  from  detona- 
tor to  detonator. 

The  shots  1,  2,  3,  and  5  were  fired  simultaneously,  producing  one  and  the 
same  detonation ;  but  the  fourth  shot  was  not  fired,  the  fuse  being  broken  at 
the  connection  B.  This  same  fuse  was  tried  twice  afterwards  without  success  ;  a 
third  attempt  was  more  successful,  and  the  shot  fired. 

The  cause  of  this  failure  was  doubtless  due  to  the  fuse  being  too  large  in 
diameter  for  the  detonators,  and  it  may  be  that  the  fuse  was  not  in  perfect  contact 
with  the  fulminate. 

As  soon  as  the  coupling  detonators  are  received,  these  experiments  will  be 
resumed. 

November  7,  1888.  A.  Mathet. 

The  results  obtained  with  the  instantaneous  fuse  have  now  been  completed. 
Fifty-eight  shot-holes,  about  3  feet  4  inches  deep,  and  from  3  feet  4  inches  to  3  feet 
8  inches  apart,  were  prepared  on  the  side  of  a  bench  in  the  gobbing  quarries. 
Each  of  these  holes  was  charged  with  a  gelatine  cartridge  of  1,543  "2  grains,  capped, 
with  a  length  of  fuse  from  4  feet  3  inches  to  4  feet  7  inches  inserted  into  a  cap  of 
30'86  grains  of  fulminate. 

Each  of  these  pieces  corresponding  to  each  hole,  was  united  to  the  principal  fuse 
laid  on  the  ground,  close  to  the  shot  holes,  by  means  of  a  string  which  bound 
together  the  points  of  contact,  previously  stripped  down  to  the  explosive  substance. 
The   three  last  shots   56,  57, 
and  58  had   been  connected   to 
the  principal  fuse  by  a  crossed 
binding,  as  shewn  in  figure  14  ; 
whilst  with  all  the  other  shots 
the  ligature  was  tied  tangentially, 
as   shewn  in  figure    15,   which 
certainly  is  the  best. 
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Figure  14. 


Figure  15. 
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On  the  firing  of  this  series  of  58  shots,  only  one  violent  detonation  was  heard, 
the  first  55  shots  did  good  work  ;  but  the  three  last,  which  had  been  connected 
by  the  crossed  binding,  did  not  explode.  When  retied  to  the  principal  fuse  by  a 
tangential  ligature  they  fired  immediately. 

The  length  of  fuse  used  in  this  experiment  was  197  feet  for  the  main  fuse,  and 
247  feet  for  the  branch  fuses  to  the  holes.  This  experiment  seems  conclusive,  and 
shews  that  every  time  a  great  number  of  shots  are  to  be  simultaneously  fired,  as 
may  occur  in  a  quarry  or  even  in  sinking  shafts,  the  use  of  instantaneous  fuse 
will  advantageously  replace  the  use  of  electricity. 

November  24,  1888.  A.  Mathet. 


III.— FIRMINY    COLLIERIES. 

REPORT  ON  THE  PRACTICAL  EXPERIMENTS  MADE  AT  THE  FIRMINY  COLLIERIES,    AT 
THE  REQUEST  OF  THE   EXPLOSIVE   SUBSTANCES   COMMISSION. 

The  various  mixtures  were  tried  as  follows : — 

No.  1. — 30  parts  of  dynamite  and  70  parts  of  nitrate  of  ammonia, 
No.  2. — 15  parts  of  octonitric  gun-cotton  and  85  parts  of  nitrate  of  ammonia, 
No.  3. — 10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia. 
The  results  of  the  experiment  are  summarised  in  the  following  tables  (*)  : — 
No.  1,  in  coal,  table  A  ;     No.  1,  in  stone,  table  A' ; 
No.  2,  in  coal,  table  B ;     No.  2,  in  stone,  table  B' ; 
No.  3,  in  coal,  table  C  ;     No.  3,  in  stone,  table  C. 
The  coal-getting  experiments  were  made  in  a  rather  hard  seam  of  coal,  whose 
thickness  is  about  20  feet,  and  the  inclination  25  degs.,  and  which   is  worked 
in  horizontal  lifts.     The  levels,  on  the  thill,  and  the  cross  levels,  extending  from 
thill  to  roof,  are  10  feet  wide  and  8£  feet  high.     The  lifts,  which  extend  from 
thill  to  roof,  are  33  to  40  feet  wide. 

The  stone  trials  were  made  in  compact  schist,  and  in  post,  in  driving  the  cross 
drifts,  or  in  taking  down  the  roof  of  a  thin  seam. 

These  experiments  will  now  be  described  under  different  heads  : — (1)  The  diffi- 
culties or  disadvantages  of  the  use  of  the  new  explosives  ;  (2)  their  useful  effect  in 
coal-getting ;  (3)  the  condition  of  the  detached  coal ;  and  (4)  the  economic  results. 

(1).  Difficulties  or  Disadvantages. 

Whatever  explosive  is  used,  it  is  important  that  no  empty  space  be  left  between 
the  charge  and  the  sides  of  the  shot-hole.  With  dynamite  this  condition  is  easily 
realised  :  the  cartridges  are  cut  and  the  charge  is  forced  to  the  end  of  the  hole 
with  the  stemmer,  only  reserving  a  portion  of  the  cartridge  of  length  strictly 
necessary  for  the  insertion  of  the  detonator.  With  loose  blasting-powder,  the 
workman  puts  the  charge  into  a  paper  cartridge  suitable  to  the  diameter  of  the 
hole  drilled.  The  new  explosives  are  pulverised  and  protected  against  damp  by 
a  double  wrapping  of  paraffined  paper.  The  cartridges  cannot  be  divided  into 
pieces,  because  the  loose  substance  spills  out.  No  incisions  should  be  made  in  the 
paper.  The  external  wrapper  should  only  be  removed,  and  the  cartridges 
thoroughly  stemmed  in  the  bottom  of  the  hole ;  but  the  filling  up  of  any  vacant 
space  is  not  effected,  owing  to  the  resistance  of  the  paraffined  paper.  This 
inconvenience  may  be  diminished,  if  cartridges  of  various  diameters  are  provided. 

The  detonator  should  be  placed  in  one  whole  cartridge,  which  must  not  be 
crushed.  To  diminish  as  much  as  possible  the  length  of  the  space  which 
perforce  remains  around  this  last  cartridge,  it  would  be  desirable  to  have  special 
cartridges  of  the  same  length  as  the  detonators. 

(*)  The  details  of  the  experiments  have  not  been  translated.    They  will  be  found  in  the  Annales 
des  Mines,  1889,  Vol.  16,  pp.  54-59.] 
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As  tho  cartridges  can  not  be  divided,  it  will  be  necessary  to  have  at  hand 
cartridges  of  graduated  lengths  so  as  to  vary  at  will  the  charge  in  blasting.  With 
dynamite  and  blasting-powder  this  difficulty  does  not  exist. 

It  requires  about  live  minutes  more  to  charge  a  hole  with  the  new  explosives 
than  with  blasting-powder  or  dynamite. 

The  nitrate  of  ammonia  explosives  yield  no  fumes.  A  very  disagreeable  smell 
is  experienced  when  these  cartridges  are  used  ;  but  this  bad  odour  may  be  avoided 
if,  before  charging,  the  outside  wrapper  is  removed,  and  the  paraffin  adhering  to 
the  inner  wrapper  is  scraped  away. 

With  the  no.  2  explosive,  one  missed  shot  occurred  out  of  34  shots  ;  the  three 
cartridges  in  it  burnt  without  detonating,  although  great  care  had  been  taken 
that  the  fuse  never  penetrated  into  the  cartridge. 

With  the  no.  3  explosive  two  missed  shots  occurred  out  of  21  fired  ;  in  these 
two  shots,  the  detonator  only  had  detonated,  and  the  substance  was  recovered  in 
rather  hard  yellowish  lumps.     Perhaps  it  had  been  already  altered  before  use. 

(2).   Useful  Effect. 

In  getting  coal,  each  shot  usually  consisted  of  5,0927  grains  of  loose  blasting- 
powder  or  1,311  "7  grains  of  blasting-gelatine.  It  was  found  that  the  same  effective 
result  was  obtaiued  with  2,314#8  grains  (3  cartridges)  of  the  no.  1  explosive. 
Explosive  no.  2  was  a  little  less  powerful,  and  no.  3  was  still  less  powerful. 

Occasionally,  when  the  "  kirving  "  was  insufficient  or  the  coal  a  little  hard, 
instead  of  breaking  down  the  coal  over  the  "  kirving,"  only  a  conical  piece  of  coal 
was  thrown  from  the  face. 

In  stone  work,  one  cartridge  of  771  "6  grains  of  the  explosives  nos.  1,  2,  or  3 
appears  equivalent  to  a  triple  charge  of  blasting-powder. 

(3).  Condition  of  the  Detached  Coal. 
The  state  of  division  of  the  detached  coal  was  generally  the  same  as  with 
dynamite,  and  almost  the  same  as  with  blasting-powder.  With  the  nitrate  of 
ammonia  explosives,  as  with  dynamite,  there  are  always  8  or  10  lbs.  of  powdered 
coal  around  the  charge  ;  that  is  the  only  difference  fouud  as  compared  with  the 
effects  of  blasting-powder. 

(4).  Economic  Results. 

In  coal  work,  the  cost  of  one  ordinary  shot  is  : — 

Grains.        Per  pound. 
Blasting-powder      ...     5,0927  at     10'12d. 
Blasting-gelatine     ...     1,3117  at  2s.  4'Old. 
Explosive  no.  1        ...     2,314  8  at       x 
,,  ,,    2        ...     2,314-8  at       x 

„         „    3        ...     2,3148  at       x 
The  time  required  in  charging  should  also  be  reckoned  ;  as  previously  remarked, 
it  takes  about  five  minutes  more  with  the  new  explosives  than  with  powder  or 
dynamite. 

Instantaneous  Fuse. 
The  instantaneous  fuse  from  the  Sevran-Livry  Powder  Mills  has  also  been  tried. 
It  allosvs  several  shots  to  be  fired  perfectly  simultaneously.  It  was  found  that  for 
the  transmission  of  explosion,  it  was  necessary  to  fix  a  plugged  detonator  at  the 
beginning  of  each  branch.  It  was  also  found  that  it  was  not  sufficient  to  strip  the 
covering  and  place  the  gun-cotton  in  contact. 

This  fuse  would  be  of  service  in  fiery  mines  by  allowing  several  shots  to  be 
fired  at  a  time,  but  the  regulations  require  the  use  of  one  fuse  to  each  shot. 

H.  Voisin. 

[Note— The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the 
Annates  des  Mines,  1889,  Vol.  16,  pp.  54-59]. 

[  (*)  Ordinary  detonator].  [  (t)  Plugged  detonator.] 
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IV.— RONCHAMP  COLLIERIES. 

EXPERIMENTS  WITH  THE  EXPLOSIVES  SENT  FROM  THE  SEVRAN-LIVRY  POWDER  MILLS. 

The  experiments  were  made  ia  a  stone  drift  in  the  south  district  of  the  Magny 
Pit.  They  were  made  for  the  purpose  of  comparing  these  explosives  with  no.  1 
dynamite. 

Speculative  experiments  were  inadmissible,  as  there  was  only  a  rather  small 
quantity  of  each  of  these  explosives  (about  11  pounds).  Moreover,  it  was  thought 
desirable  not  to  make  any  change  in  the  ordinary  method  of  working  the  stone 
drifts ;  depth,  position,  number  of  shot-holes,  all  remained  under  the  same 
conditions. 

As  regards  the  charge,  the  weight  of  no.  1  dynamite  usually  employed  was 
replaced  by  an  equal  weight  of  the  new  explosives. 

The  stemming  was  made  as  usual,  with  from  two  to  three  inches  of  clay  ;  lastly, 
as  regards  detonators,  use  was  made  of  the  so-called  extra  strong  detonators  of 
the  Dynamite  Company. 

The  face  of  the  working  place  was  entirely  in  compact  schists  ;  the  inclination 
of  the  strata  being  only  a  few  units  per  cent.,  and  all  the  experiments  having 
been  made  almost  simultaneously,  it  may  be  assumed  that  as  regards  facility  of 
detachment,  the  place  remained  constantly  under  the  same  conditions. 

On  an  examination  of  the  summarised  experiments,  it  is  evident  that,  as  regards 
blasting-power,  the  explosives  may  be  classed  in  the  following  manner  : — 

Dynamite  no.  1            ...             ...             ...             ...             ...             ..  100, 

No.  1  (30  parts  of  dynamite  and  70  parts  of  nitrate  of  ammonia)    ...  97, 

No.  2  (10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia)  95, 

No.  3  (15  parts  of  gun-cotton  and  85  parts  of  nitrate  of  ammonia)  ...  79. 

Nos.  1  and  2  explosives  appear  to  differ  very  little  from  dynamite  no.  1.  Never- 
theless, it  must  be  remembered  that  the  blasting  was  effected  under  especially 
favourable  conditions  for  two  reasons  : — (1)  the  presence  of  two  slips  in  the  face  ; 
and  (2)  the  softness  of  the  stone. 

Experiments  made  in  harder  stone  would  certainly  be  more  conclusive ;  the 
explosives  would  remain  ranked  in  the  same  order,  but  it  is  probable  that  each  of 
them  would  possess  a  materially  lower  co-efficient. 

In  conclusion,  it  may  be  noted  that  the  fumes  of  these  explosives  cause  a  rather 
severe  coughing,  and  appear  (especially  those  of  no.  3)  to  be  more  painful  to 
respire  than  those  of  no.  1  dynamite. 

Note. — As  regards  ignition,  the  so-called  safety  fuse  was  used. 

Ronchamp,  December  3,  1888. 

[Note.— The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the 
Annates  des  Mines,  1889,  Vol.  16,  pp.  62-65.] 
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SECOND   SERIES   OF  EXPERIMENTS. 


I.— ANZIN  COLLIERIES. 

REPORT  ON  THE  TRIALS  MADE  WITH  EXPLOSIVE  MIXTURES  SENT  FROM  THE  SETRAK- 
LIVRY  POWDER  MILLS. 

1.  Mixture  of  20  parts  of  nitrate  of  cupro-ammonia  and  80  parts  of  nitrate 

of  ammonia. 

2.  Mixture  of  70  parts  of  nitrate  of  cupro-ammonia  and  30  parts  of  nitrate 

of  ammonia. 

3.  Mixture  of  5  parts  of  naphthalene  and  95  parts  of  nitrate  of  ammonia. 

4.  Mixture  of  20  parts  of  no.  1  dynamite  and  80  parts  of  nitrate  of  ammonia. 
Before  making  the  practical  experiments,  some  preliminary  trials  were  made  so 

as  to  ascertain  the  explosive  power  of  each  of  the  four  mixtures  to  be  tried. 
These  experiments  consisted  in  the  explosion  of  1543  grains  of  each  substance  in 
leaden  cubes  of  7 '87  inches  on  the  side.  The  cubes  of  lead  were  pierced,  following 
the  vertical  axis  by  a  cylindrical  hole  0"47  inches  in  diameter,  and  of  variable 
length  so  as  to  ensure  1 -97  inches  of  stemming  above  154  "3  grains  of  explosive.  The 
mixture  to  be  tried  was  carefully  stemmed  into  the  hole,  a  detonator  was  placed 
above  containing  23*15  grains  of  fulminate  of  mercury;  and  the  hole  was  then  filled 
up  with  very  fine  dry  sand.  These  experiments,  several  times  repeated,  gave  every 
time  the  same  result  for  the  same  mixture,  which  shews  that  these  experiments 
are  perfectly  comparable  for  the  same  explosive  substance  ;  but  for  compositions 
of  different  kinds,  each  having  a  particular  mode  of  decomposition,  the 
results  are  only  comparable  with  each  other  with  a  certain  degree  of  approxi- 
mation. 

At  the  end  of  these  trials,  the  following  table  was  drawn  up,  shewing  the  explosive 
powers  of  each  of  these  mixtures,  assuming  that  the  volumes  of  the  cavities  pro- 
duced are  proportional  to  the  powers  of  the  said  explosives ;  the  explosive  force  of 
blasting-gelatine  being  taken  at  100. 
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The  practical  experiments  consisted  in  firing  shots  for  the  enlargement  of  roads 
in  thin  seams.  The  charges  of  explosives  varied  from  1,543*2  grains  to  9,259*4 
grains.  The  charges  used  were  compared  with  those  which  would  have  been  used 
of  blasting-gelatine,  aud  it  was  considered  that  with  the  same  weight  the  explosive 
power  of  the  mixtures  tested  is  so  much  per  cent,  of  that  of  blasting-gelatine. 

Some  of  these  mixtures  detonated  very  badly  ;  several  times  after  lighting  the 
fuse,  detonation  was  heard,  but  the  shot  was  not  blown  out,  and  the  stone  was 
undisturbed.  The  explosion  shews  that  the  fulminate  had  detonated  and  probably 
with  it  a  portion  of  the  mixture.  The  unramming  of  shots  being  prohibited,  the 
quantity  of  explosive  which  had  detonated  along  with  the  cap  could  not  be 
ascertained.  In  the  report  and  in  the  detailed  list,  this  case  is  indicated  under  the 
name  of  partial  detonation  without  blowing  out. 

At  other  times  detonation  was  heard,  the  stone  remained  intact,  but  the  shot 
was  blown  out ;  a  portion  of  the  mixture  remaining  undetonated  at  the  end 
of  the  hole.  This  special  case  is  indicated  under  the  name  of  partial  detonation 
with  blowing  out. 

With  mixtures  which  detonate  badly,  it  was  thought  that  the  folds  of  paper 
which  are  found  at  the  ends  of  the  cartridge  might  be  an  obstacle  to  the  propaga- 
tion of  the  explosive  wave  ;  sometimes,  indeed,  this  thickness  of  paper  reached 
0*24  inch  at  one  end,  and  very  frequently  this  paper  was  removed  so  that  the 
explosive  formed  a  continuous  cylinder  in  the  shot-hole.  This  method  of  charging 
is  indicated  by  sayicg  that  the  cartridges  were  unsealed. 

The  following  are  the  results  of  these  experiments  : — 


(1).  Mixture  of  20  parts  of  Nitrate  of  Cupro-Ammonia  and  80  parts  of  Nitrate  of 

Ammonia. 

In  two  shots,  whose  detonation  was  provoked  by  a  detonator  containing  23  "15 
grains  of  fulminate  of  mercury,  there  occurred  each. time  only  a  partial  detonation 
without  blowing  out.     The  cartridges  were  unsealed. 

In  two  other  shots,  whose  detonation  was  provoked  in  each  case  by  two  detona- 
tors placed  side  by  side,  together  containing  46  "30  grains  of  fulminate,  one  partial 
detonation  occurred  without  blowing  out,  and  one  partial  detonation  with  blowing 
out.     The  cartridges  were  also  unsealed.  • 

This  mixture  appeared  to  detonate  completely  when  a  cartridge  of  blasting- 
gelatine  or  no.  1  dynamite  is  used  as  a  priming  cartridge  with  a  detonator 
containing  11*57  grains  of  fulminate  of  mercury. 

It  was  found  by  firing  several  shots  under  these  conditions,  that  the  explosive 
force  of  this  mixture  was  54  per  cent,  of  that  of  blasting-gelatine. 

(2).  Mixture  composed  of  70  parts  of  Nitrate  of  Cupro- Ammonia  and  SO  parts  of 
Nitrate  of  Ammonia. 

In  three  shots,  whose  detonation  was  provoked  by  a  detonator  containing  23*15 
grains  of  fulminate  of  mercury,  two  shots  fired  well,  and  the  third  was  partially 
detonated  without  blowing  out. 

In  four  shots,  whose  detonation  was  each  time  provoked  by  two  detonators 
containing  46*30  grains  of  fulminate  of  mercury,  three  shots  fired  well,  but  the 
fourth  partially  detonated  without  blowing  out. 

From  the  five  well-fired  shots,  it  appears  that  the  explosive  force  of  the  mixture 
is  57 '6  per  cent,  of  that  of  blasting-gelatine. 
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This  mixture  appeared  to  be  very  completely  detonated  every  time,  by  the  use 
of  a  cartridge  of  blasting-gelatine  as  a  priming  cartridge. 

In  the  above  seven  experiments,  the  cartridges  were  unsealed. 

After  the  explosion,  the  fumes  were  very  dense  and  irritated  the  mucous  mem- 
branes of  the  eyes  and  nose. 

Nitrate  of  cupro-ammonia  contains  24*85  per  cent,  of  copper,  and  as  the  mixture 
includes  70  per  cent,  of  this  nitrate,  it  must  contain  17'4  per  cent,  of  copper. 
After  explosion,  this  copper  is  probably  suspended  in  the  atmosphere  in  the  state 
of  dust  oxide  of  copper  (the  decomposition  yields  an  excess  of  oxygen),  which 
dust  will  be  breathed  by  the  workmen,  and  might  cause  injurious  results. 

(3).  Mixture  composed  of  5  parts  of  Naphthalene  and  95  parts  of  Nitrate  of 

Ammonia. 

This  mixture  detonated  very  badly. 

The  cartridges  have  always  been  unsealed. 

In  five  shots,  whose  detonation  was  effected  by  a  detonator  containing  23*15 
grains  of  fulminate  of  mercury,  two  shots  have  given  partial  detonations  without 
blowing  out,  and  the  three  other  shots  were  partial  detonations  with  blowing 
out. 

In  two  other  shots,  whose  detonation  was  provoked  each  time  by  three  detonators, 
together  containing  69 "45  grains  of  fulminate  of  mercury,  only  partial  detonations 
without  blowing  out  occurred. 

In  one  of  these  shots,  6,172*9  grains  of  the  mixture  were  left  at  the  bottom  of 
the  hole  (out  of  9,259 '4  grains  of  the  charge),  two  cartridges  of  blasting-gelatine 
were  placed  on  the  top  and  one  detonator  of  11*57  grains  ;  the  shot  fired  well  ; 
nevertheless  when  clearing  it  away,  pieces  of  the  mixture  were  found  which  had  not 
detonated.  The  largest  of  these  fragments  weighed  123*46  grains,  and  the  mixture 
was  melted.     This  fact  emphasised  the  low  aptness  of  detonation  of  this  explosive. 

By  placing  1,543*2  grains  or  3,086*5  grains  of  this  mixture  with  charges  of  at  least 
4,629  7  grains  of  blasting-gelatine,  complete  detonation  was  obtained,  and  its 
explosive  force  was  estimated  as  72  per  cent,  of  that  of  blasting-gelatine. 

(4).  Mixture  composed  of  20  parts  of  No.  1  Dynamite  and  80  parts  of  Nitrate  of 

Ammonia. 

It  was  ascertained  that  the  mixture  in  several  cartridges  was  very  badly  made. 
The  grains  of  nitrate  of  ammonia  were  not  more  than  *04  inch,  but  the  grains  of 
no.  1  dynamite  were  as  large  as  0'28  inch. 

This  mixture  detonated  freely  with  detonators  containing  23 '15  grains  of  fulminate 
of  mercury,  and  also  with  detonators  containing  11*57  grains. 

The  explosive  force,  for  shots  with  less  than  7,716*2  grains,  is  64*1  per  cent,  of 
that  of  blasting-gelatine. 

This  mixture  gives  off  less  fumes  than  the  different  dynamites. 

General  Observations. 

Of  the  four  explosives  tested,  two  are  wanting  in  facility  of  detonation,  and 
ought  to  be  set  aside  for  that  reason.  These  two  mixtures  are  :  (1)  that  composed 
of  20  parts  of  nitrate  of  cupro-ammonia  and  80  parts  of  nitrate  of  ammonia,  and 
(2)  the  mixture  of  5  parts  of  naphthalene  and  95  parts  of  nitrate  of  ammonia. 

The  third  mixture  composed  of  70  parts  of  nitrate  of  cupro-ammonia  and  30  parts 
of  nitrate  of  ammonia  was  only  detonated  completely  five  times  out  of  seven  ;   it  is 
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also  deficient  in  facility  of  detonation,  and  further  there  is  reason  to  consider 
whether  it  should  not  be  rejected  on  account  of  the  large  proportion  of  copper  it 
contains,  and  the  noxious  influence  which  these  dusts  may  exercise  on  the  bodies 
of  the  workmen. 

The  fourth  mixture  composed  of  20  parts  of  no.  1  dynamite  and  80  parts  of 
nitrate  of  ammonia  is  the  only  one  which  is  really  practicable. 

These  explosives  were  supplied  in  cartridges  of  771*6  grains  and  1,543*2  grains. 
The  771*6  grains  cartridges  were  1*18  inches  diameter,  and  averaged  4'53  inches 
long  ;  those  of  1,543*2  grains  were  1*30  inches  diameter,  and  averaged  7*09  inches 
long,  which  saved  a  length  of  197  inches  when  1,543*2  grains  were  used 
and,  by  using  1,543*2  grains  cartridges,  the  density  of  charging  was  increased 
1*97 

2  x  4.53      =  21  Per  c?nt-  above  that  obtained  by  using  cartridges  of  771*6 

grains.  About  90  per  cent,  of  the  supply  should  be  in  the  form  of  1,543*2  grains 
cartridges,  and  only  10  per  cent,  of  771*6  grains.  They  should  all  be  1*30  inches 
diameter. 

Conclusions. 
Three  of  the  explosives  tried  some  months  ago  remain  available,  viz.  : 

1.  10  parts  of  dinitrobenzol  and  90  parts  of  nitrate  of  ammonia  ; 

2.  15  parts  of  octonitric  gun-cotton  and  85  parts  of  nitrate  of  ammonia  • 

3.  30  parts  of  no.  1  dynamite  and  70  parts  of  nitrate  of  ammonia ; 
and  one  of  the  latest  mixtures,  that  which  consists  of  : — 

4.  20  parts  of  no.  1  dynamite  and  80  parts  of  nitrate  of  ammonia. 
According  to  the  experiments  of  the  Explosive   Substances   Commission,    the 

last  mixture  gives  greater  safety  than  the  former,  and  as  it  has  been  proved  really 
practicable,  there  is  justification  for  its  trial  in  a  pit  for  several  months  and  on  a 
considerable  scale. 

The  mixtures  of  dinitrobenzol  and  nitrate  of  ammonia,  and  of  gun-cotton  with 
nitrate  of  ammonia,  have  also  been  recognised  as  very  practicable,  but  they  were 
sometimes  found  defective  in  the  experiments  of  the  Explosive  Substances 
Commission. 

It  should  be  remembered  that  these  explosives  cannot  be  used  to  advantage  with 
charges  greater  than  7,7162  grains,  and  that  blasting-gelatine  and  no.  1  dynamite 
will  always  be  used  for  work  requiring  the  use  of  heavy  charges,  such  as  stone 
drifts  driven  by  the  machine  drills,  sinking  of  shafts,  &c,  &c. 

The  new  explosives  should  be  reserved  for  the  ordinary  workings,  such  as 
enlarging  roads  in  thin  seams,  driving  of  inclined  planes,  and  coal-getting  in  mines 
where  this  work  is  affected  with  powder.  Such  work  is  most  dangerous,  owing  to 
the  presence  of  fire-damp. 

February  15,  1889. 

[Note.— The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the 
Annate  des  Mines,  1889,  Vol.  16,  pp.  71-751. 
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II.— FIRMINY    COLLIERIES. 

REPORT  ON  THE  SECOND  SERIES   OF   PRACTICAL  TRIALS   MADE   IN   THE   FIRMINY 
COLLIERIES,  AT  THE  REQUEST  OF  THE  EXPLOSIVE  SUBSTANCES  ( .'UMMISSION. 

The  following  explosive  mixtures  were  tried  : — 
No.  1,  20  parts  of  nitrate  of  cupro-ammonia  and  80  parts  of  nitrate  of  ammonia  ; 
No.  2,  70  parts  of  nitrate  of  cupro-ammonia  and  30  parts  of  nitrate  of  ammonia  ; 
No.  3,  5  parts  of  naphthalene  and  95  parts  of  nitrate  of  ammonia  ; 
No.  4,  20  parts  of  dynamite  and  80  parts  of  nitrate  of  ammonia. 

The  trials  were  made  in  the  same  workings,  and  under  the  same  conditions  as 
those  described  in  the  report  of  November  29,  1888. 

The  results  are  stated  in  the  appended  tables.  (*) 

The  difficulties  and  disadvantages  are  the  same  as  those  indicated  for  the 
explosives  previously  tried.  The  workmen,  moreover,  complained  of  the  bad 
odours  which  remained  for  some  time  after  firing ;  sometimes  they  have  even  had 
pains  in  the  head  and  eyes. 

Nos.  1  and  3  explosives  could  not  be  detonated  with  plugged  caps  containing 
23*15  grains  of  fulminate.  In  the  first  experiments,  the  cartridges  were  well 
rammed  ;  in  the  latter  they  were  only  lightly  rammed  ;  in  every  case  the  hole 
was  well  stemmed  ;  and  the  result  has  always  been  negative. 

With  no.  2  explosive,  when  using  the  771 '6  grains  cartridges,  the  detonator 
cartridge  alone  detonated,  and  the  others  were  found  intact. 

In  working  coal,  3,086  "5  grains  of  the  explosives  nos.  2  and  4  produced  nearly 
the  same  result  as  5,092"7  grains  of  loose  blasting-powder,  or  1,311  "7  grains  of 
blasting-gelatine. 

The  condition  of  the  detached  coal  is  generally  the  same  as  with  dynamite,  and 
nearly  the  same  as  with  blasting-powder. 

March  9,  1889.  H.  Voisin. 


III.— BLANZY    COLLIERIES. 

REPORT  ON  THE  TRIALS  OF  THE  EXPLOSIVE  MIXTURES  FROM  THE  SEVRAN-LIVRY 

POWDER  MILLS. 

No.  1  Explosive,  20  parts  of  Dynamite  and  SO  parts  of  Nitrate  of  Ammonia,  (t) 
The  shots  in  coal,  charged  with  the  new  powder,  worked  very  well,  when  the 
charge  was  increased  in  the  proportion  of  2  to  3  of  the  usual  charge  of  blasting- 
gelatine.     The  fumes  are  rather  disagreeable  ;    no  observations  have  been  made  as 
to  the  presence  of  flame. 

New  Mixtures. 

No.  2  explosive,  nitrate  of  cupro-ammonia  70  parts  and  nitrate  of  ammonia 
30  parts. 

No.  3  explosive,  naphthalene  5  parts  and  nitrate  of  ammonia  95  parts. 

No.  4  explosive,  nitrate  of  cupro-ammonia  20  parts  and  nitrate  of  ammonia 
80  parts. 


[(*)  The  details  of  the  experiments  have  not  been  translated.  They  will  be  found  in  the  Annates  des 

Mines,  1889,  Vol.16,  pp.  78-83.] 
[(t)  The  details  of  the  experiments  have  not  been  translated.    They  wiU  be  found  in  the  Annates  des 
Mines,  1889,  Vol.  16,  pp.  84-86.] 
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It  may  be  concluded  from  the  experiments  with  the  different  powders  : — 

1.  That  nos.  1  and  2  may  advantageously  replace  compressed  powder  for 
working  stone  or  coal ;  and  that  they  are  inferior  to  dynamite  or  blasting-gelatine  ; 

2.  That,  in  the  workings,  the  fumes  derived  from  the  explosion  are  more 
disagreeable  than  those  from  dynamite  or  blasting-gelatine  ; 

3.  That  no.  3,  and  especially  no.  4  explosive,  are  very  difficult  to  detonate,  even 
with  charges  of  fulminate  of  30 "86  grains  and  upwards  ;  and  that,  for  this  reason, 
and  owing  to  the  disadvantages  which  result  during  their  ordinary  use,  and  the 
least  of  which  would  be  the  loss  of  the  charged  and  miss-fired  shots,  they  cannot 
be  generally  used  in  mines. 

There  have  been  no  observations  made  as  to  the  flames  produced,  and  conse- 
quently as  to  their  action  in  an  air  charged  with  fire-damp. 

March  28,  1889.  A.  Mathet. 


IV.— RONCHAMP     COLLIERIES. 

EXPEBIMENTS  ON  THE  DUAL  EXPLOSIVES  SENT  FROM  THE  SEVRAN-LIVRY 
POWDER  MILLS. 

The  conditions  were  made  absolutely  similar  to  those  of  the  experiments  of 
December,  1888,  in  order  to  try  the  practical  working  of  these  new  explosives. 
The  trials  were  made  in  a  stone  drift  going  south  from  the  Magny  pit.  It  was 
being  driven  in  fragile  stone,  fissured,  and  consequently  easy  to  break  down  during 
December,  1888;  at  this  time  the  drift  was  in  conglomerate.  It  may  be  said,  as 
regards  blasting,  that  it  was  under  particularly  unfavourable  and  almost  exceptional 
conditions.  Indeed,  there  is  no  stone  in  Ronchamp  more  difficult  to  blast ;  the 
bastard  posts  are  certainly  harder  to  drill,  but  the  shots  work  better. 

The  mixture  of  20  parts  of  dynamite  and  80  parts  of  nitrate  of  ammonia  was  the 
only  one  which  gave  any  result.  But  the  experiments  shew  that  the  useful  effect 
of  this  mixture  is  less  than  half  that  of  no.  1  dynamite. 

All  the  shots  were  very  carefully  stemmed  with  clay. 

Safety  fuse  and  the  so-called  extra  strong  caps  of  the  Dynamite  Company 
were  used  for  igniting  the  shots. 

The  workmen  found  the  fumes  of  these  explosives  very  troublesome  to  breathe  ; 
especially  the  mixtures  of  nitrate  of  cupro-ammonia  and  nitrate  of  ammonia. 

March  30,  1889.  T.  Gruner. 

[Note.— The  details  of  the  experiments  have  notfeeen  translated.  They  will  be  found  in  the 
Annule*  des  Mines,  1889,  Vol.  16,  pp.  88-89]. 
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SUPPLEMENTARY    DOCUMENTS. 


ANZIN    COLLIERIES. 


I. — ON  EXPLOSIVES  USED  AT  THE  ANZIN  COLLIERIES. 

Historical. 

In  consequence  of  Mr.  Mallard's  reports  on  behalf  of  the  Explosive  Substances 
Commission,  and  of  the  experiments  made  on  some  explosives  sent  by  the 
Commission,  the  Anziu  Collieries  Company  commenced  to  use  the  new  explosives 
in  their  gassy  workings,  always  observing  the  same  measures  of  precaution  in 
firing  shots  as  formerly. 

The  Anzin  Collieries  Company  applied  to  the  Dynamite  Company  for  supplies  of 
mixtures  of  dynamite  or  gelatinised  nitro-glycerine  and  nitrate  of  ammonia,  prior 
to  the  time  when  the  Government  Powder  Mills  were  able  to  supply  the  new 
explosives. 

First  Explosive  Used. 

The  first  order  was  for  half  a  ton  of  a  mixture  of  20  parts  of  dynamite  and 
80  parts  of  nitrate  of  ammonia,  which  affords  high  guarantees  of  safety  ;  its  tempera- 
ture of  detonation  being  only  2,732  degs.  F.  This  mixture  was  supplied  in 
cartridges  weighing  1,4198  grains,  and  being  1*30  inches  diameter  and  4 "53  inches 
long.  It  was  enclosed  in  a  double  envelope  of  rather  thin  and  impermeable  paper. 
The  cartridges  were  arranged  in  4 '4  pounds  pasteboard  boxes,  and  hermetically 
sealed.     These  boxes  were  then  placed  in  the  usual  way  inside  wooden  chests. 

This  explosive  detonated  very  freely  with  plugged  detonators  containing  11*57 
grains  of  fulminate  of  mercury.  Its  actual  explosive  power  has  been  recognised 
as  equal  to  91  per  cent.,  that  of  no.  1  dynamite  being  100.  The  density  was  only 
0'936.  This  explosive  contained  20  per  cent,  of  no.  1  dynamite  consisting  of  75 
per  cent,  of  nitro-glycerine,  and  consequently  a  certain  quantity  of  silica  or  inert 
matter  which  it  appeared  desirable  to  avoid. 

Second  Explosive  Used. 

In  consequence  of  the  indications  given  in  the  second  report  of  the  Commission 
(page  88),  and  on  the  advice  of  Mr.  Mallard,  it  was  sought  to  suppress  the  5  per 
cent,  of  inert  matter  and  replace  the  no.  1  dynamite  by  nitro-glycerine  slightly 
gelatinised  by  means  of  an  addition  of  2  to  3  per  cent,  of  octonitric  cotton.  This 
blasting-gelatine  is  very  plastic ;  its  density  is  1  '43  ;  it  readily  fills  the  empty  spaces 
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between  the  grains  of  nitrate  of  ammonia,  and,  consequently,  materially  increases 
the  density  of  the  mixture,  which  is  very  important  as  regards  the  practical 
explosive  power. 

The  curves  (figure  16)  shew  the  temperature  of  detonation  and  the  force 
of  the  explosive  for  different  mixtures  of  these  two  substances.  The  abscissae 
shew  the  proportions  of  nitrate  of  ammonia  and  the  ordinates  the  corresponding 
temperatures  and  explosive  forces. 
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Parts  of  nitrate  of  ammonia  in  ten  parts  of  mixture. 
Figure  16.— Mixtures  of  blasting  gelatine  and  nitrate  of  ammonia. 

These  curves  are  calculated  by  means  of  the  formulae  given  in  Note  A  at  the  end 
of  the  first  report  of  the  Explosive  Substances  Commission.  (*)  It  is  assumed  that 
the  gelatinised  nitro-glycerine  contains  3  per  cent,  of  octonitric  gun-cotton  and 
that  one  kilogramme  (2  204  pounds)  of  this  gelatinised  nitro-glycerine  disengaged 
1,545  calories,  and  that  one  kilogramme  (2  204  pounds)  of  nitrate  of  ammonia  yields 
380  calories.  The  gases  resulting  from  the  detonation  of  these  two  substances 
cannot  react  on  each  other,  as  both  of  them  yield  an  excess  of  oxygen. 

(1).  12  to  14.  parts  of  Gelatinised  Nitro-glycerine  and  88  to  86  parts  of  Nitrate  of 
Ammonia. — The  first  mixture  used  contained  12  to  14  parts  of  gelatinised  nitro- 
glycerine and  88  to  86  parts  of  nitrate  of  ammonia.  The  cartridges  weighed  1,157-4 
grains,  are  130  inches  diameter,  and  3'35  inches  long.  The  envelope  of  the  cart- 
ridges and  the  packing  were  the  same  as  previously  described.  This  explosive 
detonated  well  with  plugged  caps  containing  11  57  grains  of  fulminate  of  mercury. 

[(*)  Seepage.62.] 


13S 


FRENCH  COMM'SSMN  —  PRACTICAL  KXPKRIMKN'TS 


It  is  now  ordinarily  employed,  and  more  than  two  tons  have  been  used.  The 
practical  explosive  power  is  110*6,  that  of  no.  1  dynamite  being  100.  The 
calculated  temperature  of  detonation  is  2,721  degs.  F. 


(2).  20  parts  of  Gelatinised  Nitro-glycerine  and  SO  parti  of  Nitrate  of  Ammonia. 
— Experiments  have  also  been  made  with  a  second  mixture  containing  20  parts  of 
gelatinised  nitro-glycerine  and  80  parts  of  nitrate  of  ammonia.  The  cartridges 
weighing  1,157*4  grains,  are  1*30  inches  diameter  and  only  2*95  inches  long.  The 
density  is  1*17.  The  explosive  power  is  equal  to  118*6,  that  of  no.  1  dynamite 
being  100.     The  calculated  temperature  of  detonation  is  2,980  degs.  F. 

(3).  SO  parts  of  Gelatinised  Nitro-glycerine  and  70  parts  of  Nitrate  of  Ammonia. 
— With  a  view  of  having  an  explosive  capable  of  superseding  blasting-gelatine, 
and  having  always  the  temperature  of  detonation  less  than  the  apparent  temperature 
of  ignition  of  fire-damp,  2  cwt.  of  a  mixture  of  30  parts  of  gelatinised  nitro- 
glycerine and  70  parts  of  nitrate  of  ammonia  was  ordered.  This  mixture  should 
have  sufficient  density,  and  consequently  will  develop  a  greater  pressure  per 
square  inch  in  the  shot-hole.  The  calculated  temperature  of  detonation  is  3,400 
degs.  F. 

This  order  has  not  yet  been  supplied.  . 

Experiments  with  the  New  Explosives  with  Blown  out  Shots. 

The  results  obtained  vary  with  the  resistance  that  the  stemming  can  oppose  to 
the  issue  of  the  gases  resulting  from  the  explosion.  This  resistance  is  dependent 
on  the  nature  and  length  of  the  stemming. 

The  work  which  the  gases  expend  in  blowing  out  the  stemming  reduces  their 
temperature,  and  this  diminution  may  be  so  great  that  certain  explosives,  usually 
giving  off  flame,  no  longer  do  so. 

The  following  table  summarises  these  experiments  : — 


Nature  of  Explosive. 

Length 
of 

Shot-hole. 

Weight 

of 

Explosive. 

Length 

of 

Stemming. 

Remarks. 

20  parts  of  no.  1  dynamite  and  80  \ 
parts  of  nitrate  of  ammonia      ...  j 

Ft. 
3 

Ins. 
3-37 

Grains. 
2,839-5 

Inches. 
3-94 

Nothing. 

do. 

3 

3-37 

4,259-3 

15-75 

Very  feeble  light. 

do. 
12  parts  of  gelatinised  nitro  glyO 
cerine  and  88  parts  of  nitrate  of  > 

ammonia     » 

do. 

3 
2 
2 

3-37 
11-43 
11-43 

7,09S-9 
2,314-8 
2,314-8 

15-75 

o-oo 

3-94 

Some  sparks. 
Strong  light. 
Rather  strong  light. 

do. 

2 

11-43 

2,314-8 

15-75 

Very  feeble  light. 

do. 

2 

11-43 

3,472-3 

15-75 

Nothing. 

do. 
20  parts  of  gelatinised  nitro-gly-1 
cerine  and  80  parts  of  nitrate  cf  > 

ammonia     ) 

do. 

2 
2 
2 

11-43 
11-43 
11-43 

4,629-7 
2,314-8 
3,4723 

15-75 
15-75 
15-75 

Feeble  light. 
Nothing. 
Feeble  light. 

do. 

2 

11-43 

4,629-7 

15-75 

Nothing.      The  shot 
did  little  work. 

Nature  of  Fumes. 
The  fumes  resulting  from  these  three  explosives  are  much  less  injurious  than 
those  produced  by  no.  1  dynamite  and  blasting-gelatine. 
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The  appended  table  gives  in  cubic  feet  at  32  degs.  F.  and  29  92  inches,  the  gases 
resulting  from  the  detonation  of  one  pound  of  the  following  explosives  :— 


Nature  of  Explosive. 

I  5© 

S3  . 

0 
9 

SO    . 

a 

60    . 

O 

Remarks. 

Blasting-gelatine  with   3   per  cent, 
octonitric  cotton    

No.  1  dynamite            

20  parts  of  no .   1   dynamite  and  80 
parts  of  nitrate  of  ammonia 

14  parts  of  gelatinised  nitro-glycerine 
and  86  parts  of  nitrate  of  ammonia 

20  parts  of  gelatinised  nitro-glycerine 
and  80  parts  of  nitrate  of  ammonia 

3-956 
2-931 

V881 

8-218 

7-913 

4-806 
3-52t 

0-705 

0-673 

0-961 

2-322 
1-762 

3-908 

4-149 

4-020 

0-272 
0-304 

1-794 

1-970 

1-842 

+  J  pound  of  silica. 
+  Jb  pound  of  silica. 

Table  shewing  the  explosive  power  and  the  density  as  deduced  from  the  experi- 
ments made  at  Anzin. 


Nature  of  Explosive. 


Compressed  powder       

20  parts  of  No.  1  dynamite  and  80  parts  of  nitrate  of  ammonia 

No.  1  dynamite     

12-14  parts  of  gelatinised  nitro-glycerine  and  88-86  parts  of 
nitrate  of  ammonia 

20  parts  of  gelatinised  nitro-glycerine  and  80  parts  of  nitrate  of 
ammonia         

Blasting-gelatine 


Explosive 
Power. 


40 
91 
100 

110-6 

<*)  118-6 
125 


Density. 


0-94 
1-59 

1-04 

1-17 
1-43 


June  1,  1889. 


M.  Francois. 


II.— ON  THE  USE  OF  THE  HUNDREDWEIGHT   OF  EXPLOSIVES   RECEIVED  FROM  SEVRAN 

LIVRY  POWDER  MILL. 

Mixture  of  10  parts  of  JDinitrobenzol  and  90  parts  of  Nitrate  of  Ammonia. 

This  explosive  was  supplied  in  cartridges  weighing  771  "6,  1,543-2,  and  2,314'8 
grains.  The  diameter  of  the  cartridges  was  T26  inches,  and  the  lengths  2-87, 
5-59,  and  8"46  inches.  The  average  density  was  093.  The  density  of  the  long 
2,314-8  grains  cartridges  was  practically  the  same  as  that  of  the  smaller  cartridges, 
and  as  they  are  less  handy,  it  would  be  better  to  use,  in  the  future,  cartridges  of 
771-6  and  1,543-2  grains,  the  latter  constituting  80  per  cent,  of  the  total  weight. 

Explosion  was  effected  by  plugged  detonators  containing  30'86  grains  of  fulmin- 
ate  of  mercury,  and  only  one  incomplete  detonation  was  observed.  This  explosive 
gives  off  but  little  fumes,  and  acts  very  well.  It  was  found  that  with  the  same 
weight  the  explosive  power  was  the  same  as  that  of  no.  1  dynamite. 

Mixture  of  10  parts  of  Octonitric  Cotton  and  90  parts  of  Nitrate  of  Ammonia. 
This  explosive  was  also  sent  in  771-6,  1,543-2,  and  2,314-8  grains  cartridges, 
1-26  inches  diameter,  and  3-15,  6-10,  and  9  29  inches  in  length.      The  average 
density  was  only  0-84,  and  practically  the  same  in  cartridges  of  771  6  and  1,543-2 

(*)  The  trials  made  to  determine  the  value  118-6  are  as  yet  not  very  numerous,  and  there  may  be 
reason  to  modify  it  subsequently. 
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grains,  so  that  the  2,314'8  grains  cartridges  could  again  be  dispensed  with.  The 
plugged  detonators  containing  30'86  grains  of  fulminate  have  always  effected  very 
complete  detonations.  The  fumes  are  rather  dense,  but  do  not  cause  any  disadvant- 
age to  the  health  of  the  workmen. 

It  was  found  that  with  the  same  weight,  the  explosive  power  was  the  same  as 
that  of  the  preceding  mixture  or  no.  I  dynamite. 

Advantages  and  Inconveniences  of  these  Explosives. 

These  explosives  act  well  at  the  Anzin  collieries,  they  are  manufactured  very 
carefully,  detonation  has  always  been  easily  effected,  and  their  employment  is  very 
practicable. 

They  have  the  disadvantage  of  having  a  very  low  density,  and  if  it  is  desired  that 
the  explosive  should  not  occupy  too  great  a  length  of  the  hole,  they  must  be  used 
(as  they  have  this  time  been  supplied)  in  cartridges  1*26  inches  diameter,  which 
necessitates  the  drilling  of  rather  large  holes,  so  that  the  drilling  costs  a  little  more 
than  with  smaller  holes. 

These  explosives  also  require,  for  complete  detonation,  plugged  detonators 
containing  23-15  or  30  86  grains  of  fulminate  of  mercury,  although  the  other 
explosives  detonate  well  with  detonators  of  11 '57  or  15 "43  grains. 

There  have  been  used  for  some  months  at  the  Anzin  collieries,  grisoutine  B, 
grisoutine  F,  and  grisoutine-gelatine,  which  are  mixtures  of  12  and  88,  20  and  80, 
and  30  and  70  parts  respectively  of  gelatinised  nitro-glycerine  and  nitrate  of 
ammonia.  The  density,  and  the  relative  explosive  power  for  the  same  weight  is 
greater  than  that  of  the  preceding  mixtures.  The  cartridges  are  only  1'10  inches 
diameter.  The  degree  of  safety  is  also  very  great,  for  the  temperature  of  detona- 
tion is  not  high. 

The  following  table  shews  a  comparison  between  these  explosives  and  those  from 
the  Sevran-Livry  Powder  Mill  : — 


Nature  of  Explosive. 

Tempera- 
ture of  De- 
tonation. 

Density  of 
Explosives. 

Explosive 
Power. 

Price  per 
Pound. 

10  parts  of  dinitro-benzol  and  90  parts   of 
nitrate  of  ammonia      

10  parts  of  octonitric  cotton  and  90  parts  of 
nitrate  of  ammonia      

12  parts  of  gelatinised  nitro-glycerine  and  88 
parts  of  nitrate  of  ammonia 

20  parts  of  gelatinised  nitro-glycerine  and  80 
parts  of  nitrate  of  ammonia 

30  parts  of  gelatinised  nitro-glycerine  and  70 
parts  of  nitrate  of  ammonia 

Fahrenheit. 
3,309° 

2,844° 

2,721° 

2,980° 

3,400° 

0-93 
0-84 
1-04 
1-17 
1-22 

100 
100 
111 
118 
122 

s.     d. 
? 

? 

1     6-30 

? 

? 

The  calculation  of  the  temperatures  of  detonation  of  the  Sevran-Livry  explosives 
has  been  made  by  taking  from  the  table  of  the  temperatures  of  detonation  in  Mr. 
Mallard's  report  (pages  64  and  65),  the  results  given  for  complete  combustion  mix- 
tures of  dinitro-benzol  and  nitrate  of  ammonia,  and  of  octonitric  cotton  and  nitrate 
of  ammonia,  and  by  calculating  that  1  kilogramme  of  dinitro-benzol  and  1  kilo- 
gramme of  octonitric  cotton,  completely  burnt,  disengage,  the  first  3,988  calories, 
and  the  second  2,512  calories. 

From  these  figures,  and  knowing  that  1  kilogramme  of  nitrate  of  ammonia,  on 
decomposition,  gives  off  380  calories,  it  was  easy  to  calculate  the  temperatures  of 
detonation  of  these  mixtures  where  there  was  an  excess  of  oxygen. 

October  5,  1889.  M.  Francois. 
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ON  THE  EXPLOSIVES  IN  USE  AT  LIEVIN  COLLIERIES. 

The  explosives  in  use  at  Lievin  are  : — 

1.  Blasting-gelatine ; 

2.  Ammonia-dynamite  (of  Paulilles)  ; 

3.  Grisoutine  A  (of  Paulilles)  ; 

4.  Grisoutine  B  (of  Paulilles),  corresponding  according  to  the  makers,  to 

the  ammonia-dynamite  recommended  by  the  Explosive  Substances 
Commission. 

Blasting-gelatine  is  highly  appreciated  on  account  of  its  powerful  action.  But 
since  1887,  when  experiments  on  the  action  of  explosives  in  presence  of  dust  alone, 
were  made  at  Lievin,  it  was  recognised  that  blasting-gelatine  may,  when  it  is 
placed  without  stemming  in  the  bottom  of  a  shot-hole,  cause  great  ignitions  of 
dust,  the  same  as  blasting-powder. 

But,  if  blasting-powder  strongly  stemmed  still  causes  great  ignitions  of  dust, 
blasting-gelatine  with  even  a  slight  stemming  does  not  ignite  dust  ;  very  numerous 
experiments  have  established  this  fact. 

On  the  other  band  2,623*5  grains  of  blasting-gelatine  placed  at  the  bottom  of  a 
shot-hole,  and  stemmed  with  wet  clay,  detonating  in  a  mixture  of  air  and  14  per 
cent,  of  coal-gas  has  not  ignited  that  mixture  (two  tests  made  at  Lievin).  Unfor- 
tunately, it  has  been  impossible  to  continue  operating  with  such  strong  charges  ; 
the  steel  block  being  shattered  after  the  third  trial. 

It  appears,  therefore,  that  blasting-gelatine,  carefully  stemmed,  is  not  so 
dangerous  as  might  be  concluded  from  its  behaviour  without  stemming. 

At  Lievin,  blasting-gelatine  is  only  used  in  stone-drifts,  and  then  only  when 
heavy  work  has  to  be  done.  For  ordinary  blasting  in  stone-drifts  and  cross-cuts 
the  various  ammonia-dynamites  of  Paulille  are  used. 

It  is  considered  that  the  disuse  of  blasting-gelatine,  and  its  replacement  by 
feebler  explosives  would  entail  a  material  increase  in  the  cost  of  stone-drifts,  and 
a  decrease  in  the  speed  of  advancement.  For  this  reason,  and  as  it  is  certain  that 
careful  stemming  greatly  diminishes  the  danger,  it  is  desirable  that  this  explosive 
should  be  retained  or  replaced  by  an  equally  powerful  explosive,  at  least  in  stone- 
drifts. 

The  following  results  have  been  obtained  with  the  various  ammonia-dynamites 
(of  Paulille),  by  placing  the  charge  without  stemming  in  a  hole,  and  firing  in  a 
mixture  of  air  and  coal-gas  : — 


Nature  of  Explosive. 

Weight  of 
Explosive. 

Percentage 

of  Coal-gas  in  the  Explosive 
Mixture. 

10. 

12 

14. 

Grains. 

Ammonia-dynamite 

1,172-9 

Explosion. 

Explosion. 

— 

Grisoutine  A 

1,234-6 

No  Explosion. 

Explosion. 

— 

Grisoutine  B    

1,003-1 

No  Explosion. 

Explosion. 

Explosion. 

The  three  explosives  are,  therefore,  capable  of  igniting  gaseous  mixtures. 
The  latter  two  are  a  little  safer  than  ammonia-dynamite.      The  series  of  experi- 
ments made  with  water  tamping,  have  never  caused  an  explosion. 
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Grisoutine  A  (2,4692  grains)  tried  with  wet  clay  stemming  did  not  ignite 
mixtures  of  12,  14,  and  16  per  cent,  of  gas.  The  trials  being  repeated,  with 
dust  in  suspension  in  the  air,  there  was  still  no  explosion. 

Grisoutines  A  and  B  were  then  tried  with  the  Chalon  safety  tamping  (a  spongy 
substance  containing  99J  per  cent,  of  water).  By  merely  placing  this  over  the 
charge,  without  even  covering  it  with  clay  stemming,  which  is  recommended  in 
practice,  the  most  dangerous  mixtures  were  not  ignited  with  1,234*6  and  2,469  2 
grains  charges. 

These  grisoutines  from  Paulilles,  which  are  capable  of  igniting  12  per  cent, 
mixtures  of  gas,  when  fired  without  stemming,  possess,  therefore,  either  with  the 
wet  stemming  or  with  the  Chalon  cartridge,  very  great  security. 

Is  this  security  still  perfect  when  very  heavy  charges  are  used  (4,629*7  to  7, 716*2 
grains),  as  sometimes  happen  in  mines  ?  The  experimental  apparatus  was  smashed 
by  these  charges,  and  a  definite  opinion  cannot  be  pronounced. 

Experiments  have  been  made  underground,  with  blown  out  shots  of  4,166*7 
grains,  surmounted  with  the  Chalon  tamping  ;  only  a  very  slight  flame  was  visible. 

It  is  thought  at  Lievin,  that  explosives  based  on  nitrate  of  ammonia,  manufac- 
tured at  Paulilles,  possess  great  security  when  carefully  stemmed. 

They  are  easy  to  use,  do  not  give  off  disagreeable  fumes,  and  their  detonation  is 
ensured,  when  the  30 '86  grains  detonators  are  used. 

They  are  considered  sufficiently  powerful  for  use  in  the  hardest  stone  encountered 
in  ordinary  working,  but  not  including  cross-drifts. 

VlALA. 
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MISCELLANEOUS    NOTES 

ON  THE  USE  OF  EXPLOSIVES  IN  THE  PRESENCE  OF 
FIRE-DAMP  IN  MINES. 


By  Er.  Mallard. 


!• — EXPERIMENTS  AT  ANZIN,  ON  THE  FLAME  PRODUCED  BY  EXPLOSIVES. 

The  experiments  at  the  Sevran-Livry  Powder  Mill  were  made  with  maximum 
charges  of  3, 086 '5  grains.  The  explosive  detonated,  either  unconfined  or  stemmed 
in  a  comparatively  thin  metallic  tube.  The  conditions  were,  therefore,  only 
imperfectly  realised,  which  occur  in  a  blown  out  shot,  that  is  one  only  producing 
the  effect  of  projecting  the  stemming  placed  on  the  cartridge.  With  the  exception 
of  those  cases  in  which  the  charge,  placed  at  the  bottom  of  the  hole,  was  detonated 
without  stemming,  and  which  should  be  prohibited  with  the  utmost  severity,  these 
shots  are  the  most  dangerous  in  fiery  mines.  This  is  easily  explained,  as  the 
mechanical  work  performed  by  the  explosion  gases  is  then  at  the  minimum,  as 
well  as  the  corresponding  amount  of  heat  which  is  subtracted  from  these  gases. 

It  was,  therefore,  very  desirable  to  produce,  in  the  profound  darkness  of  a  mine, 
blown  out  shots,  heavily  charged  with  various  explosives,  and  to  observe 
the  greater  or  less  flame,  more  or  less  vivid  that  the  detonation  produced 
under  these  conditions. 

The  Anzin  Company  undertook  to  make  a  series  of  experiments  for  this  purpose. 
They  took  place  on  the  22nd  and  23rd  February,  1889,  under  the  direction  of  Mr. 
Francois,  in  the  presence  of  Messrs.  Faucher,  Aguillon,  Le  Chatelier,  Bruneau, 
and  the  author  of  this  report.  Hearty  thanks  must  be  expressed  to  Mr.  Francois 
and  to  the  engineers  under  his  orders,  for  the  skill  and  precision  with  which  the 
experiments  were  conducted,  and  to  thank  Mr.  Guary,  director  of  the  Anzin 
collieries,  for  the  cordial  reception  accorded. 

The  experiments  were  made  in  a  cross-cut  drift  in  the  Bleuse-Borne  Pit. 
The  results  are  collected  in  the  following  table  : — 


Nature  of  Explosive. 


No.  1  dynamite 

20  dynamite  and  80  nit- 
rate of  ammonia     ... 

30  dynamite  and  70  nit- 
rate of  ammonia 

15  gun-eotton  and  85  nit- 
rate of  ammonia     . . . 

10  dinitro-benzol  and  00 
nitrate  of  ammonii... 

70  nitrate  of  cupro-am- 
monia  and  30  nitrate 
ofammonia 

Roburite 


Working  Shots. 


-r,.    iS  d 

Length 

of 
Stem- 
ming. 

Thick- 
ness of 
stone  to 

lu'  lifted 

grains. 

inches. 

inches. 

5,247-0 

35-43 

33-37 

6,1729 

19-68 

31-50 

5,401-3 

23-62 

31-50 

5,401-3 

15-75 

5,401-3 

19-68 

31-50 

6,172-9 

23-62 

31-50 

5,092-7 

7-87 

31-50 

|~     Remarks. 


Flame 

f  Neither 
j  flame  nor 
(  glow 

Slight  flame 


Glow 


("  Neither 
-J    flame  nor 
(   glow 
No  flame 


Blown  out  Shots. 


•So'g'l  poJ-S       Remarks. 


grains. 

4,629-7 

7,716-2 
3,858-1 
3,858-1 
6,712-9 

6,712-9 
5,247-0 


inches. 


19 


(     Flame  more 

( than  1  yd. long 

75      f  Neither  flame 
1     nor  glow. 

( Sparks  and 
<  rather  strong 
'  glow. 


Glow. 


(  Very  slight 
(     glow. 


(  Neither  flame 
"     (     nor  glow. 

87  Flame. 
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It  will  be  seen  that  mixtures  of  20  dynamite  and  80  nitrate  of  ammonia,  70 
nitrate  of  cupro-ammonia  and  30  nitrate  of  ammonia  produced  neither  flame 
nor  glow  even  with  blown  out  shots  charged  with  6,1729  and  7,7 16*2  grains. 
The  safety  promised  by  these  explosives  may,  therefore,  be  considered  as  very 
satisfactory. 

With  the  other  explosives  indicated  by  the  Commission,  blown  out  shots  have 
only  produced  glimmers  which  appeared  incapable  of  igniting  fire-damp  mixtures, 
being  much  less  marked  than  those  observed  on  unconfined  detonation  which,  as 
ascertained  at  Sevran,  only  ignited  fire-damp  under  very  rare  circumstances. 

With  roburite  (*)  and  especially  with  no.  1  dynamite,  blown  out  shots  produced 
large  flames. 


II. — STEMMING  WITH  WATER-SATURATED  SUBSTANCES. 

It  was  proposed  many  years  ago  to  ensure  the  safety  of  fiery  mines,  by 
stemming  the  shots  either  with  water  or  with  water-saturated  substances. 

The  Explosives  Substances  Commission  made  some  trials  with  Settle  cartridges, 
in  which  the  explosive  is  placed  in  the  midst  of  water  contained  in  an  impermeable 
paper  bag.  The  trials  were  not  very  satisfactory,  and  these  cartridges  have, 
moreover,  in  addition  to  the  inconvenience  of  their  use,  the  grave  disadvantage  of 
requiring  a  considerable  increase  in  the  diameter  of  the  shot-holes. 

Mr.  Galloway  proposed  to  form  the  first  part  of  the  stemming  with  moss 
saturated  with  water. 

Messrs.  Chalon  and  Gu^riu  propose  the  use  of  a  gelatinous  substance  containing 
as  much  as  95  per  cent,  of  water,  and  moulded  into  cylinders  of  '98  inch  in  diam- 
eter and  3"94  to  4'72  inches  long.     The  price  is  0'60d.  each. 

The  explosive  is  placed  between  a  number  of  these  stemming  cylinders,  varying 
according  to  the  weight  of  the  charge  ;  then  the  safety  stemming  is  violently 
compressed  by  the  wooden  stemmer  in  such  a  way  as  to  cause  the  gelatinous 
matter  to  flow  around  the  explosive.  Lastly,  the  hole  is  filled  up  in  the  ordinary 
manner. 

In  England,  a  company  works  the  Heath  and  Frost  patent,  which  is  applicable 
to  the  Settle  variety  of  cartridges,  in  which  the  water  is  replaced  by  a  gelatinous 
substance,  made  of  water  and  soap. 

It  has  been  long  known,  and  all  the  experiments  recently  made  have  fully 
confirmed  it,  that  all  these  methods  of  stemming  are  impotent  with  substances  in 
which  the  explosive  wave  is  not  produced,  such  as  blasting-powder.  The  Explosive 
Substances  Commission  shewed  that,  with  the  substances  in  which  the  detonation 
is  rendered,  so  to  speak,  instantaneous  by  the  production  of  the  explosive  wave,  the 
water  of  the  stemming  does  not  act  or  scarcely  acts  of  itself,  and  merely  inter- 
venes by  its  mass,  and  by  the  greater  perfection  which  it  assures  to  the  stemming. 

(*)  According  to  information  supplied,  the  roburite  used  in  these  trials  was  composed  of  a 
mixture  of  chloro-dinitro-benzol  and  nitrate  of  ammonia,  corresponding  to  complete  combustion, 
according  to  the  formula  : — 

USH3  CI  (N02)2  +  9  N  H403  =  6  C02  +  19  HaO  +  H  CI  +  11  N  =  922-5. 

This  substance,  finely  pulverised,  detonated  very  easily.  Experiments  were  made  at  the  Sevran- 
Livry  Powder  Mill,  under  the  same  conditions  as  those  indicated  in  the  Report  of  the  Explosive 
Substances  rommission.  A  cartridge  of  2,623-5  grains  suspended  in  the  boiler,  ignited  a  mixture  r>f 
air  and  fire-damp  containing  10  per  cent,  of  gas.  Ignition  also  occurred  with  cartridges  of  3,086-5 
grains  of  a  mixture  of  45  roburite  and  55  nitrate  of  ammonia. 

A  3,086-5  grains  cartridge  of  a  mixture  of  225  roburite  and  77-  •>  nitrate  of  ammonia  (corresponding 
according  to  the  asserted  composition  of  roburite  to  5  chloro-dinitro-benzol  and  95  nitrate  of 
ammonia",  was  detonated  in  the  gaseous  mixture  without  igniting  it. 

Similar  mixtures  might  be  found  useful  owing  to  their  great  facility  of  detonation. 
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The  engineers  at  Anzin  and  those  of  Blanzy  experimented  with  the  Chalon- 
Gue*rin  stemming. 

In  working  shots,  the  use  of  this  stemming  does  not  suppress  the  great  flame 
given  by  blasting-powder,  but  it  suppresses  that  which  is  produced  by  blasting- 
gelatine  and  no.  1  dynamite. 

The  use  of  this  stemming  does  not  suppress  the  flame  of  blown  out  shots.  Very 
small  charges  of  blasting-gelatine  (617*3  and  1,2346  grains)  stemmed  at  the  bottom 
of  a  shot-hole  and  covered  with  three  Chalon-Guerin  cylinders,  have  still  allowed 
the  flame  to  be  seen. 

The  effect  of  the  Heath  and  Frost  stemming  is  practically  the  same  as  that  of 
the  Chalon-Guenn  stemming,  but  their  use  requires  shot-holes  2*76  inches  diameter, 
which  is  inconvenient  in  coal  and  impossible  in  stone. 

The  importance  of  these  various  methods  of  stemming  is,  moreover,  much 
diminished,  since  it  is  now  certain  that  it  is  possible  to  manufacture  explosives 
which  do  not  ignite  fire-damp,  even  with  the  most  imperfect  stemming,  and  whose 
safety  is  certain  with  any  ordinary  stemming. 

HI. — LAUER   DETONATORS. 

The  Explosive  Substances  Commission  pointed  out  the  desirability  of  the  complete 
disuse,  in  fiery  mines,  of  fuse  for  firing  shots.  It  directed  attention  to  the  friction 
detonators  invented  by  Lieutenant-Colonel  Lauer,  of  the  Austrian  Engineers,  and 
to  which  an  Austrian  Commission  awarded  a  part  of  the  prize  of  £475  offered 
by  the  Ostrau-Karwin  coalowners. 

The  experiments  with  these  detonators  could  only  be  made  in  a  mine.  Mr. 
Francois,  director  of  the  Anzin  Colliery,  has  been  good  enough  to  procure,  with  some 
difficulty,  a  number  of  these  detonators  (*),  and  to  submit  them  to  practical  tests, 
the  results  of  which  will  be  found  in  an  appended  note  (t). 

These  results  appear  somewhat  favourable.  It  will  be  seen  that  the  process  is 
not  novel  (indeed  it  is  known  to  have  been  in  use  by  artillery  many  years  ago),  and 
that  Mr.  Cousin,  of  Conde",  had  patented  it  in  1868.  After  some  years 
their  use  in  the  CondS  collieries  was  abandoned,  in  consequence  of  an  accident 
caused  by  a  workman,  who,  while  retiring,  after  having  prepared  the  shot,  and 
holding  the  cord  in  his  hand,  fell  and  caused  the  premature  firing  of  the  shot, 
which  killed  him. 

Mr.  Johann  Meyer,  chief  engineer  for  the  Kaiser-Ferdinands-Nordbahn,  has 
published  an  account  (J)  of  the  results  obtained  in  the  Polnisch-Ostrau  collieries 
belonging  to  the  Kaiser-Ferdinands-Nordbahn,  by  the  exclusive  use  of  the 
Lauer  detonator,  since  November,  1887. 

Mr.  Meyer,  in  the  report,  by  which  an  important  part  of  the  £475  prize 
offered  by  the  Ostrau-Karwin  coalowners  was  awarded  to  Mr.  Lauer,  states  that 
the  number  of  miss-fires,  at  first  considerable  (14 "3  per  cent.),  has  greatly 
diminished,  owing  to  improvements  in  the  details  of  manufacture,  until  it  was 
less  than  O'l  per  cent,  in  the  month  of  November,  1888. 

The  number  of  detonators  used  has  been  (up  to  the  middle  of  December,  1888) 
82,938  ;  six  accidents  only  have  occurred,  by  which  one  miner  was  disabled. 
Since  the  month  of  June,  1888,  no  new  accident  has  occurred,  and  Mr.  Meyer 
attributes  this  circumstance  to  the  great  improvement  in  the  manufacture. 

Two  accidents  occurred  by  returning  to  a  missed  shot,  in  spite  of  the 
prohibitive  rule. 

(*)  They  are  manufactured  by  Mr.  Ed.  F.  Csank,  Vienna. 

(t)  See  page  153. 

(})  Oesterreichische  Zeitsohrift  fiir  Berg-  und  Hutten-wesen  (16th  February,  1889). 
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A  third  happened  at  tbe  moment  when  the  workman  was  disengaging  the  cord 
already  hanging  stretched. 

A  fourth  was  caused  by  the  fall,  upon  the  wire  of  the  detonator,  of  the  work- 
man standing  on  a  plank  whilst  stemming. 

A  fifth  injured  a  workman  remaining  (against  the  rules)  in  the  drift,  too  near 
and  facing  the  shot ;  he  was  struck  by  a  fragment  of  coal. 

Lastly,  a  sixth  was  caused  by  the  explosion  of  the  cartridge  during  the  process 
of  stemming,  probably  in  cousecpience  of  too  violent  a  blow. 

The  use  of  the  Lauer  detonator  is,  therefore,  not  altogether  without  danger,  and 
it  appears  very  desirable  that  some  means  should  be  devised  by  which  electrical 
shot-firing  should  become  practicable. 

IV. — HEATH  AND  FROST'S  LAMP  FOR  IGNITION  OF  SAFETY  FUSE. 

The  English  Company  working  Heath  and  Frost's  patents  forwarded  to  the 
Commission  a  sample  safety  lamp,  allowing  of  the  ignition  without  danger  of 
the  safety  fuse  in  fiery  mines.  The  engineers  at  the  AnEin  collieries  kindly  under- 
took  to  test  this  apparatus,  and  the  report  drawn  up  by  Mr.  Petit  is  appended 
hereto  (*). 

V. — CONTINUATION  OF  THE  AUSTRIAN  AND  PRUSSIAN  EXPERIMENTS. 

An  account  was  given  in  the  Report  of  the  Explosive  Substances  Commission  of 
the  experiments  then  published,  made  on  explosives  by  the  Prussian  and  Austrian 
Commissions.  New  experiments  have  been  made  3ince  that  time,  and  the  following 
are  the  results  : — 

1.  Austrian  Commission. 

The  very  interesting  experiments  of  the  Austrian  Commission  were  made,  under 
the  direction  of  Mr.  Johann  Meyer,  at  the  Wilhelm  Pit  of  the  Kaiser-Ferdinands 
Nordbahn  (Polnisch-Ostrau),  from  May  to  November,  1888.  Mr.  Meyer  has  given 
a  short  account  of  them  in  the  Oesterreichische  Zeitschrift  fur  Berg-  und  Hutten- 
wesen,  in  the  issues  of  the  9th,  16th,  23rrl,  30th  March,  and  6th  and  13th  April, 
1889. 

The  experiments  were  made,  like  those  of  the  Prussian  Commission,  in  a  kind 
of  gallery  constructed  on  the  surface  with  a  compartment  into  which  fire-damp 
was  introduced  from  the  mine.  Coal-dust  was  spread  on  the  bottom,  not  to 
increase  the  severity  of  the  test  imposed  on  the  explosive,  but  merely  to  preserve 
the  gallery,  and  because  it  had  been  observed  that  the  dynamic  effects  caused  by 
ignition  of  pure  gas  are  the  most  violent,  (t) 

The  cartridge  was  placed  on  the  bottom,  which  Mr.  Meyer  considers  as  more 
favourable  to  ignition  than  suspending  the  cartridge  in  the  midst  of  the  gas.  The 
French  Commission  did  not  use  this  arrangement  owing  to  the  fear  of  the  rapid 
destruction  of  their  boiler. 

During  the  months  of  August  and  November,  trials  were  made  as  to  the  safety 
afforded  by  the  use  of  safety  cartridges.  It  was  ascertained,  as  the  French  Commission 
had  previously  found,  that  it] was  sufficient  to  cover  a  dynamite  cartridge  with  a  thin 
layer  (*4  inch)  of  dry  sand,  to  render  the  ignition  of  a  gaseous  mixture  containing 
9  per  cent,  of  fire-damp  impossible,  although  the  exposed  cartridge  invariably 
ignited  it. 

(*)  See  page  155. 
(t)  Wenn  nun  trotzdem  Kohlenstaub  beigeniengt  wurde,  so  wollt  man  damit  nur  die  dynamischen 
Werkungen  der  Explosion,  zur  Schonung  des  Versuchstollens,  abschwacher,  welche  bei  reinem 
Gasexplosionem  heftiger  verlaufen. 
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Dry  sand  may  be  replaced  by  various  substances,  among  which  may  be 
mentioned:  wet  blotting  paper  surrounded  by  about  '04  inch  of  sand ;  coarse  blotting 
paper  doubled  and  steeped  in  water,  retaining  about  463  grains,  &c. 

A  charge  of  3,086*5  grains  of  dynamite  introduced  into  a  hole  drilled  in  the 
midst  of  a  large  ingot  of  steel,  having  6-69  inches  of  sand  below  and  3*15  inches 
of  wet  sand  above  it,  will  blow  out  without  igniting  the  gas.  The  same  result 
was  obtained  when  the  wet  sand  was  replaced  by  dry  clay. 

On  the  other  hand,  2,314'8  grains  of  compressed  blasting-powder  placed  in  a 
shot-hole  drilled  in  the  thill  of  a  gallery,  and  stemmed  with  23 '62  inches  of  wet 
sand,  ignited  the  gas. 

These  observations  only  confirm  the  facts  mentioned  by  the  French  Commission, 
and  of  which  a  rational  explanation  has  been  given. 

The  experiments  of  the  Austrian  Commission  have  more  especially  been  made 
with  the  following  mixture  : — 

Nitro-glycerine  52 

Silica       ...         ... ...  14 

Crystallised  carbonate  of  soda  34 

100 

This  mixture  is  called  Sodawetterdynamit,  and  would  have,  according  to  tests  made 
in  leaden  blocks,  an  explosive  power  less  than  that  of  no.  2  gelatine-dynamite, 
and  greater  than  that  of  no.  3  dynamite.  Consequently  the  explosive  power  may 
be  considered  as  being  less  than  half  of  that  of  no.  1  dynamite. 

Mixtures  of  nitro-glycerine  and  sal-ammoniac,  which  is  called  Ammoniak- 
wetterdynamiten,  were  also  tried.     Three  different  proportions  were  used: 


I.  Nitro-glycerine 
Sal-ammoniac 

The  explosive  force  of  this  mixture  would  fall  between  that  of  no.  1  and  no.  2 
dynamites. 

II.  Nitro-glycerine 
Sal-ammoniac 

III.  Nitro-glycerine 
Sal-ammoniac 

The  explosive  force  of  the  last  mixture  would  be  practically  equal  to  that  of 
sodawetterdynamit. 

The  results  of  the  tests  with  sodawetterdynamit  are  summarised  in  the  following 
table  : — 


60, 
40. 


50, 
50. 
40, 
60. 


Proportion  of  CH4 
in  Mixture. 

Weight  of  Cartridges. 

1,543,2  grains. 

2,314-8  grains. 

3,086-5  grains. 

Per  cent. 
6 

1  expt.  N. 

— 

1  expt.  N. 

7 

— 

— 

1  expt.  N. 

8 

3  expts.  N. 

1  expt.  N. 

1  expt.  I. 

9 

5  expts  N. 

2  expts.  N. 

1  expt.  N.  (*) 

9 

— 

1  expt.  I. 

2  expts.  I.  (f ) 

and  N.  signifies  non-ignition  of  gas. 


nes  ignition  ot  gas,  and  N.  signifies  non-; 
(*)  The  total  charge  in  two  cartridges. 
(t)  The  total  charge  in  one  cartridge. 
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A  4,629*7  grain  cartridge  placed,  without  stemming,  at  the  bottom  of  a  hole 
pierced  in  a  steol  ingot,  detonated  without  igniting  a  mixture  containing  9  per 
cent,  of  fire-damp. 

It  is  a  very  interesting  circumstance,  that  a  2,314,8  grains  cartridge,  and  even  a 
1,543*2  grains  cartridge,  both  made  in  June,  and  fired  on  the  24th  August, 
ignited  a  mixture  containing  9  per  cent,  of  fire-damp. 

Mr.  Meyer  appears  disposed  to  attribute  this  anomaly  to  a  partial  de-hydration 
of  the  soda-salt  which  begins  about  93 "2  degs.  F.  He  also  only  recommends  the  use 
of  recently  prepared  mixtures.  This  recommendation  seems  difficult  to  follow, 
and  would  form  a  serious  obstacle  to  the  general  use  of  the  explosive. 

Trials  were  made  with  mixtures  of  nitro-glyceriue  and  sal-ammoniac.  No.  III., 
whose  explosive  force  is  the  same  as  that  of  sodawetterdynamit,  has  not  proved 
more  safe,  as  a  2,314*8  grains  cartridge  ignited  a  mixture  containing  9  per  cent,  of 
fire-damp.  It  may,  however,  be  remarked  that,  with  equality  of  safety,  this 
explosive  mixture  would  be  better  than  sodawetterdynamit,  as  it  is  much  more 
stable. 

The  Austrian  Commission  made  rather  numerous  experiments  with  dynamite 
cartridges  placed  on  the  ground  covered  with  coal-dust.  It  was  ascertained  that 
the  detonation  of  a  771  "6  grains  cartridge  was  sufficient  to  produce  ignition  of 
the  duet,  although  a  charge  of  7,716*2  grains  of  sodawetterdynamit  did  not 
pioduce  it. 


2.  Prussian  Commission. 

The  report  of  Mr.Hugo  Lohmann  (*)  only  contains  the  description  of  the  numerous 
experiments  made  ;  neither  conclusions  nor  summary  being  made. 

The  experiments  were  made  with  sodawetterdynamit,  containing  40  of  carbonate 
of  soda  and  60  of  dynamite.  With  cartridges  placed  on  a  block  of  wood,  and  in 
an  atmosphere  containing  10  per  cent,  of  fire-damp,  the  following  results  were 
obtained  : — . 


Weight  of  Cartridges. 

Results. 

grains. 

5,015*5 

Non-ignition  of  gas. 

5,4013 

do. 

6,867*4 

do. 

7,098*9 

do. 

7,407*5 

do. 

7,407*5 

Ignition  of  gas. 

Blown-out  shots  were  tried,  made  in  a  hole  18*11  inches  long  by  2*16  inches 
diameter,  drilled  in  a  block  of  steel  27*17  inches  high  and  19*49  inches  on  the 
side.  The  block  had  been  tested  with  a  5,864*3  grains  cartridge  of  dynamite  ;  the 
maximum  charge  in  the  experiments  was  3,858*1  grains.  The  block  was  built 
into  the  floor  of  the  gallery,  so  that  the  open  orifice  of  the  hole  was  1  *26  inches 
above  the  surface,  and  that  the  prolongation  of  the  axis  of  the  hole  just  met  the 
floor  of  the  gallery  at  *20  inch  from  the  wall. 

(■*)  Bericht  iiber  weitere  in  der  Versuchstrecke  zur  Grube  KSnig  bei  Neunkirchen  (Saarbriicken) 
angestellte  Untersuchungen  beziiglich  des  Verhalteus  brisanter  Sprenstoffe  gegen  Schlagwetter  und 
Kohlenstaub.    (Zcit.  fiir  Berg-  HUtten  und  Salinenwesen,  1889.    Vol.  37,  page  83.) 
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With  3,858'1  grains  charges  of  wetterdynamit  placed. in  the  hole  without 
stemming,  ignition  of  dust  occurred  once  out  of  six  times.  In  fire-damp,  in  14 
experiments  made  with  8  per  cent.,  and  11  experiments  made  with  10  per  cent,  of 
fire-damp,  only  one  single  ignition  occurred.  The  trials  were,  therefore,  very 
satisfactory.  In  the  mine  it  was  ascertained  that  the  power  is  about  1£  times 
that  of  blasting-powder,  and  that  the  working  of  coal  is  made  by  this  explosive  in 
good  condition. 

Nevertheless,  two  serious  incidents  occurred.  On  April  10th,  the  stock  of 
one  ton  kept  in  the  magazine  was  frozen,  165  pounds  were  thawed,  without 
sufficient  precaution  in  warm  water  ;  the  carbonate  of  soda  lost  its  water,  the 
dynamite  exuded,  and  the  cartridges  had  to  be  destroyed. 

Of  two  tons  stored  on  July  4th,  the  cartridges  began,  at  the  end  of  August, 
to  spontaneously  exude  their  nitro-glycerine  ;  and  conformably  to  the  legal 
regulations  418  pounds  had  to  be  destroyed.  This  accident  was  attributed  to  bad 
manufacture  of  the  cartridge,  and  the  insufficient  quantity  of  silica  used. 

Some  favourable,  though  insufficient,  trials  were  made  with  various  mixtures  of 
dynamite  with  carbonate  of  ammonia,  oxalate  of  ammonia,  and  nitrate  of  soda. 
The  composition  of  the  most  satisfactory  mixture  was  : — 

Oxalate  of  ammonia     ...        45 

Nitrate  of  soda 15 

Dynamite  40 

100 
Other  trials  were  made  in  the  steel  block  with  five  kinds  of  explosives  sent  by 
Mr.  Favier.     One  of  these  five  varieties  did  not  ignite  a  mixture  containing  8  and 
10  per  cent,  of  fire-damp,  when  a  cartridge  of  ^SSS'l  grains  was  placed,  without 
stemming,  in  the  shot-hole.     But  the  composition  of  this  variety  is  not  stated. 

Lastly,  numerous  experiments  have  been  made  with  various  substances,  viz.  : — 
carbonite,  securite,  roburite,  and  carbo-dynamite  ;  but  the  composition  of  these 
substances  has  been  kept  secret,  and  even  appears  to  have  varied  during  the  course 
of  the  experiments.  These  results  are,  therefore,  deprived  of  interest,  and  will 
not  be  noticed  in  this  account. 

The  experiments  made  with  blown -out  shots,  with  or  without  stemming,  were 
not  very  numerous,  on  account  of  the  difficulties  characterising  them.  The 
following  are  those  which  approach  the  nearest  to  what  may  happen  in  mines.  It 
appears,  however,  interesting  to  report  the  following  experiments  made  by  the 
Prussian  Commission,  although  they  were  carried  out  with  explosives  whose 
insecurity  is  recognised. 


Weight 

of 
Cartridge. 


Method  of  Using 

the 

Explosive. 


Proportion 

of 

CH„. 


Result. 


Ordinary  Blasting-powder. 


Grains. 
1,543-2 
1,543-2 
2,314-8 
3,086-5 
3,858-1 
3,858-1 


Without  stemming. 
With  stemming. 
With  stemming. 
With  stemming. 
With  stemming. 
With  stemming. 


Per  cent, 
nil. 
nil. 

nil. 
nil. 
nil. 


Ignition  of  dust  ("2  expts.) 

Non-ignition  of  dust  (11  expts.) 

Ignition  (once  in  2  expts.) 

Ignition. 

Ignition. 

Explosion  (once  in  2  expts.) 
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Weight                       Method  of  Using                 l'n> portion 
of                                 the                               "i 
Cartridgo.                          Explosive.                           CH^, 

ult. 

Blastino-uelatine. 


Grains. 

Per  cent. 

1,543-2 

Without  stemming. 

nl. 

Ignition  of  dust  (3  expts ) 

1,543-2 

With  stemming. 

nil. 

Non-ignition  of  dust. 

2,3148 

With  stemming. 

nil. 

Ignition  of  dust  (3  expts.) 

1,543-2 

Without  stemming. 

8 

Explosion. 

1,543-2 

With  stemming. 

8 

Explosion. 

Gelatine- dynamite.    I. 


1,543*2 

Without  stemming. 

nil. 

Ignition  of  dust  (6  expts.) 

1,543-2 

With  stemming. 

nil. 

Non-ignition  of  dust. 

2,314-8 

With  stemming. 

nil. 

Non-ignition  of  dust. 

3,086-5 

With  stemming. 

nil. 

Non-ignition  of  dust  (6  expts ) 

3,868-1 

With  stemming. 

nil. 

Ignition  of  dust  (twice  in  12 
expts ) 

1,543-2 

Without  stemming. 

5 

No  explosion. 

1,543-2 

Without  stemming. 

8 

Feeble  explosion. 

3,858-1 

Without  stemming. 

8 

Strong  explosion. 

3,086-5 

With  stemming. 

8 

No  explosion. 

3,858-1 

With  stemming. 

5 

Explosion  (once  in  7  expts.) 

3,858-1 

With  stemming. 

6 

Explosion  (once  in  2  expts.) 

3,858-1 

With  stemming. 

8 

Explosion  (once  in  10  expts.) 

Gelatine-dynamite.     II. 


1,543-2 

Without  stemming. 

nil. 

Ignition  of  dust. 

1,543-2 

With  stemming. 

nil. 

Non-ignition  of  dust. 

2,314-8 

With  stemming. 

nil. 

Non-ignition  of  dust  (9  expts.) 

3,0S6-5 

With  stemming. 

nil. 

Ignition  of  dust  (once  in  2  expts.) 

Dynamite  (77  per  cent,  of  Nitroglycerine). 


1,543-2 

Without  stemming. 

nil. 

Ignition  of  dust  (2  expts.) 

3,858-1 

With  stemming. 

nil. 

Ignition  (once  in  27  expts.) 

1,543-2 

Without  stemming. 

5 

No  explosion. 

1,543-2 

Without  stemming. 

8 

Explosion. 

3,858-1 

With  stemming. 

5 

Explosion. 

3,858-1 

With  stemming. 

8 

Explosion. 
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3.   The  Schlesbu-sch  Experiments. 

The  Schlesbusch  experiments  have  had  some  publicity,  as  they  were  made  in 
presence  of  a  number  of  Belgian  engineers,  and  because  they  have  been  published 
in  the  Revue  Universelle  cies  Mines  (*).  These  experiments  were  made  in  June,  1888, 
at  the  Dynamite  Company's  explosives  factory  at  Schlesbuch,  near  Cologne. 

The  experiments  were  intended  to  shew  the  safety  of  an  explosive  named 
Grisoutite  (wetterdynamit),  whose  composition  was  not  stated.  It  may,  however, 
be  assumed  to  be  identical  with  the  wetterdynamit  of  the  Prussian  Commission  ; 
and  composed  of  40  parts  of  crystallised  carbonate  of  scda  and  60  parts  of  dynamite. 

The  explosive  was  placed  in  a  hole  drilled  in  a  steel  block ;  around  which  a  cylinder 
of  stout  sheet  iron  59  06  inches  high,  and  47  "24  inches  diameter  was  placed.  The 
lower  end  of  the  cylinder  was  closed  by  a  tight  hydraulic  joint ;  and  the  upper 
end  was  closed  at  the  time  of  each  experiment,  by  a  cloth,  varnished  or  paraffined, 
fastened  to  the  rim  of  the  cylinder  by  a  strong  india  rubber  band.  The  cylinder 
was  fitted  with  doors  and  with  plates  of  mica,  for  use  as  windows.  The  hole, 
after  the  explosive  had  been  placed  in  it,  was  then  filled  up  with  coal-dust  (which 
contrary  to  the  intention  of  the  observers  greatly  increased  the  safety) ;  gas  was 
introduced  and  mixed  with  the  air,  by  a  kind  of  fan  fitted  with  cardboard  vanes, 
which  could  be  turned  from  the  outside  ;  this  gas  was  heated  to  any  required 
temperature,  by  driving  steam  through  a  small  coil  of  three  or  four  turns  placed 
at  the  bottom  of  the  cylinder.  These  preliminaries  being  completed,  the  explosive 
was  fired  by  electricity,  and  the  effects  produced  were  carefully  noted. 

Grisoutite  resisted  successfully  all  the  tests  with  charges  of  3,858'!  grains,  until 
the  inside  temperature  having  accidentally  risen  to  93  2  degs.  F.,  the  detonation 
of  a  charge  of  3,858*1  grains  (placed  without  stemming  in  the  hole)  ignited  the  gas. 
In  two  subsequent  experiments,  the  temperature  was  maintained  at  86  degs.  F., 
and  there  was  no  ignition  of  gas ;  the  temperature  was  then  raised  afresh  to  95 
degs.  F.,  and  ignition  of  gas  was  again  produced. 

The  following  day,  "732  cubic  inch  of  crystallised  carbonate  of  soda  was  placed 
above  the  charge  and  the  stemming  finished  with  coal-dust,  and  ignition  did  not 
occur  even  at  the  temperature  of  95  degs.  F. 

A  grisoutite,  in  which  the  proportion  of  carbonate  of  soda  was  increased,  did 
not  ignite  the  gas,  with  a  charge  of  3, 086  "5  grains  instead  of  3,858'1  grains. 

These  experiments,  in  which  the  composition  of  what  is  called  grisoutite  is  not 
recorded,  are  of  no  interest  in  themselves,  had  they  not  demonstrated  that  about 
95  degs.  F.,  the  decomposition  of  the  hydrated  carbonate  of  soda,  completely 
modifies  the  properties  of  mixtures  of  dynamite  and  of  carbonate  of  soda,  and 
may  more  or  less  completely  destroy  the  safety  which  they  possess  at  lower 
temperatures. 

4.  Summary. 

The  experiments  now  described  confirm  the  conclusions  of  the  French  Explosives 
Commission,  as  regards  the  danger  which  may  attend  the  use,  especially  with  bad 
or  insufficient  stemming,  of  high  explosives,  such  as  dynamite,  gelatine-dynamite, 
and  blasting-gelatine.  The  first  series  of  experiments  made  by  the  Prussian 
Commission,  which  led  it  to  formulate  contrary  conclusions,  are  formally  nullified, 
and  the  results  obtained  in  these  researches  remain  inexplicable. 

Neither  in  Prussia  nor  in  Austria  did  the  observers  appear  to  have  any  knowledge 
of  the  researches  of  the  French  Commission,  although  they  had  been  succinctly 
published  in  the  Gomptes  Rendus  of  the  Academy  of  Sciences,  of  9th  July,  1888. 
(*)  Third  series,  Volume  V.,  January,  1889. 
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Much  research  has  been  expended  on  explosives  whose  composition  is  kept  secret 
and  whose  individuality  is  only  expressed  by  fantastic  names.  These  names,  it  is 
needless  to  remark,  may  apply  to  very  different  substances,  which  are  varied  at 
the  will  of  the  manufacturer  ;  and  experiments  made  with  such  substances  have, 
therefore,  no  precise  scientific  value,  except  perhaps  to  the  manufacturer.  It  is 
very  desirable  that  the  sale  of  explosive  cartridges,  whose  exact  composition  is 
not  attached,  should  be  prohibited  by  legal  enactment.  Furthermore,  no  experi- 
ments should  be  published,  especially  by  an  official  commission,  on  explosives  whose 
precise  composition  is  not  made  known  and  certified  by  the  manufacturer  ;  in  the 
absence  of  this  information  the  experiments  are  entirely  void  of  scientific  value, 
and  can  only  lead  the  user  into  grievous  mistakes. 

The  Prussian  and  Austrian  Commissions  agrej  in  recommending  the  use  of 
mixtures  of  dynamite  and  crystallised  carbonate  of  soda.  This  conclusion  cannot 
be  accepted,  because  these  mixtures  have  not  only  a  very  low  explosive  force,  but, 
further,  the  easy  dehydration  of  the  salt  may  lead  to  serious  inconvenience.  It 
has  been  previously  mentioned  that  if  an  attempt  is  made  to  thaw  cartridges  of 
frozen  dynamite  in  warm  water,  the  nitro-glycerine  is  expelled  from  the  pores  of 
the  silica,  and  exudes  when  the  temperature  of  the  water  rises  to  95  degs.  F. ; 
and  the  cartridges  then  become  very  dangerous.  The  same  effect  may  occur,  as  has 
been  mentioned  during  summer,  in  magazines  where  the  cartridges  are  stored  ;  and 
cartridges  prepared  some  weeks  back  may  be  thus  seriously  damaged.  It  appears 
difficult  to  recommend  the  use  of  such  unstable  explosives,  which  may  cause 
serious  accidents,  even  in  the  absence  of  fire-damp. 

It  is  remarkable  that  several  other  salts,  easy  volatilised,  but  more  stable 
than  carbonate  of  soda  were,  not  tried,  as  was  done  by  the  French  Commission. 
There  is  no  need,  therefore,  to  repeat  the  reasons  which  led  the  French  Commission 
to  abandon  mixtures  of  this  nature,  and  to  replace  the  inert  salt  by  a  salt,  explosive 
in  itself,  such  as  nitrate  of  ammonia  ;  as  the  desired  safety  may  be  thus  obtained, 
without  sacrificing  too  great  a  proportion  of  the  explosive  force. 
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APPENDIX 


ANZIN     COLLIERIES, 


EXPERIMENTS  WITH  LAUER  DETONATORS. 


Description  of  the  Detonators. 

These  detonators  consist  essentially  of  a  friction 
match  attached  to  a  plugged  detonator  containing  11  '57 
grains  of  fulminate  of  mercury. 

The  friction  match  consists  of  a  hollow  copper  cylinder 
a  cb  b  c  a,  contracted  at  c  c  (see  figure  17,  double  size). 
In  this  cylinder  is  placed  another  cylinder,  e  d  d  e,  split 
lengthways,  and  to  which  an  iron  wire  /  g  h  is  fixed. 
The  extremity  of  the  iron  wire  is  flattened  and  bent  for 
about  "3  inch,  between  the  two  cylinders  ;  the  part  fg 
is  also  flattened  and  notched.  Below  the  contracted 
part  c  c  is  found  the  fusee  material  M  M,  and  below  it 
a  little  disc  of  paper  n  n  is  placed.  Beyond  this, 
paper  is  rolled  round  the  wire  to  maintain  the  diameter 
of  the  tube,  and  the  whole  is  covered  with  a  very 
strong  cardboard  cylinder  at  least  "04  inch  thick.  At 
the  end,  the  iron  wire  passes  through  soft  putty ;  it 
is  beut  as  shewn  in  the  sketch,  and  is  maintained  in 
that  position  by  a  paper  cylinder  i  j  j  i.  The  working 
is  very  simple  :  when  the  iron  wire  is  pulled  the 
flattened  and  notched  part  /  g  is  drawn  through  the 
fusee  material  which  take3  fire,  and  the  flame,  having 
no  outlet  behind,  is  thrown  forward  and  causes  the 
detonation  of  the  fulminate  in  the  detonator. 

The  Lauer  detonator  is  attached  to  the  cartridge  in 
the  same  manner  as  the  fuse  fitted  with  an  ordinary 
detonator.  The  stemming  is  done  in  the  usual  way. 
The  end  of  a  very  supple  cord  from  30  to  50  yaids  long, 
which  has  previously  been  unrolled  in  the  drift  is 
attached  to  the  ring  of  the  iron  wire  without  tearing 
the  paper  cylinder  ijj  i.  Once  attached,  the  cord  is 
pulled,  the  iron  wire  is  straightened  by  tearing  the 
paper  cylinder,  then  the  roughened  part  penetrates 
the  fusee  material,  ignites  it,  and  the  explosion  is 
produced.  The  manufacturers  recommend  that  the 
paper  cylinder  be  torn  and  the  wire  straightened, 
before  attaching  the  cord,  but  this  practice  appeared 
more  dangerous  than  the  preceding.  If  the  drift  is 
crooked,  a  little  guide-pulley  is  fixed,  so  that  the 
direction  of  the  pull  does  not  vary  too  much  from  that 
of  the  shot-hole. 


4^-^il 


!*-- 


Figure  17 
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Figure  18  shews  the  arrangement  of  the  cord  in  order  to  lire  four  shots  at  once. 
It  requires  some  practice  in  order  to  achieve  complete  simultaneity. 


Figure  18. 


Results  obtained. 
About  66  shots  were  fired  without  a  single  miss-fire.     The  trials  were  made  in 
the  Reussite,  Enclos,  and  Bleuse-Borne  pits,  and  in  each  instance  the  results  were 
satisfactory.     It  is  intended  to  apply  this  system  throughout  the  Reussite  pit,  in 
order  to  judge  of  its  practical  efficacy. 

Comparison  of  the  Costs  of  the  Various  Systems  of  Firing,  and  of  the  Time  occupied  in 

Firing  one  shot. 
In  each   instance,   plugged  detonators  containing  11  "57  grains  of  fulminate  of 
mercury  were  used. 

1.  Ordinary  method  with  safety  fuse. 

The  cost  included  one  detonator  at  ^SOd.,  40  inches  of  fuse  at  ,317d.,  and 
about  -048d.  for  touch  ;  total,  '745d. 

The  time  occupied  was  about  8  minutes,  including  the  time  of  combustion  of  the 
fuse,  and  for  the  dissipation  of  the  fumes. 

2.  The  Lauer  process. 

The  expense  included  one  detonator  at  l*140d.;wear  and  tear  of  cord  •lQOd., 
and  total  of  1  -330d. 

The  time  occupied  in  firing  a  shot  was  also  8  minutes. 

3.  Firing  by  electricity  (Bornhard  or  Ducr6tet  systems,  tried  at  Anzin). 

The  expense  included  one  detonator  with  wires  48  inches  long,  2'850d.,  accessories 
and  redemption  '475d.,  and  total  3'325d. 

The  time  occupied  in  firing  a  shot  was  12  minutes  on  the  average. 


Conclusions. 

The  mode  of  ignition  with  the  Lauer  detonator  costs  a  little  more  than  the  safety 
fuse  method,  but  on  the  other  hand  it  costs  much  less  than  the  electrical  methods 
hitherto  used.  The  Lauer  detonator  avoids  the  use  of  safety  fuse,  and  consequently 
the  danger  of  ignition  of  fire-damp  by  the  flame  which  the  fuse  projects  during  the 
combustion  of  the  portion  outside  the  stemming. 

By  combining  the  use  of  the  Lauer  detonator  with  the  new  explosives,  it  appears 
probable  that  shots  might  be  fired  in  fire-damp  mixtures  without  danger.  Never- 
theless, it  is  always  prudent  to  suspend  firing  shots  in  the  presence  of  gas. 

The  Lauer  detonator,  like  electrical  firing,  permits  an  immediate  return  after  a 
missed  shot. 
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The  principal  imperfections  of  this  process  are  as  follows  : — 

1.  A  great  number  of  shots  cannot  be  fired  so  simultaneously  as  by  electricity, 
for  this  system  is  scarcely  practicable  for  firing  more  than  two  shots  at  once  ; 

2.  The  Lauer  detonators  are  40  inches  long  ;  they  are  cumbersome  and  can  only 
be  carried  with  difficulty  in  thin  seams. 

3.  In  straight  drifts,  screens  must  be  erected  about  40  yards  from  the  face  to 
avoid  projected  3tones  ; 

4.  It  is  feared  that  the  manufacture  of  these  detonators  will  not  always  be 
satisfactory.  Several  collieries  in  Austrian  Silesia,  where  this  system  had  been 
adopted  throughout,  have  abandoned  it,  in  consequence  of  defective  supplies  (this 
information  is  given  by  the  director  of  the  Karwin  collieries). 

5.  This  system  possesses  certain  dangers  to  which  miners  are  unaccustomed. 
An  unskilful  workman  may  cause  the  explosion  of  a  shot  before  he  reaches  the 
shelter. 

Remarks. 

The  method  of  firing  shots  with  friction  matches  is  not  new.  Mr.  Cousin  of 
Conde,  took  out  a  patent  in  1868,  and  there  were  used  in  1869  at  the  Vieux  Conde 
collieries,  4,713  Cousin  detonators,  out  of  which  there  were  128  missed  shots,  or 
about  2\  per  cent.  A  fatal  accident,  in  July,  1869,  caused  this  system  to  be 
abandoned. 

This  accident  happened  under  the  following  circumstances  : — A  workman  with- 
drew  after  preparing  a  shot,  he  held  the  cord  in  his  hand  when  he  fell  down,  and 
not  having  left  go  the  cord,  he  caused  the  shot  to  fire  prematurely,  and  was  killed. 

Such  an  accident  might  happen  with  the  Lauer  detonator. 


THE   HEATH   AXD   FROST   LAMP. 

Use  of  the  Lamp. 
The  Bickford  fuse  commonly  used  for  effecting  the  detonation  of  the  detonator 
in  firing  shots,  is  a  source  of  danger  when  its  ignition  occurs  in  the  presence  of 
fire-damp.  The  inventors  of  the  Heath  and  Frost  lamp,  tested  at  Anzin,  hope  to 
suppress  this  permanent  cause  of  accident,  by  introducing  a  special  arrangement, 
which  will  be  described. 

Description  of  the  Lamp. 

The  problem  to  be  solved  consisted  in  using  the  flame  of  a  safety  lamp, 
Mueseler  or  any  other,  to  set  fire  to  the  fuse,  carefully  isolating  the  internal 
chamber  of  combustion  from  the  external  atmosphere. 

The  lamp  is  fitted  with  a  tube  T  (figures  19,  20)  pierced  at  the  height  of 
the  wick  with  two  little  holes  o2  o2,  placed  on  the  same  arc  of  a  circle  ;  the  fuse 
to  be  kindled  is  introduced  from  beneath,  the  gases  from  the  combustion  of  the 
powder  escaping  upwards ;  the  upper  part  of  the  tube  carries  an  inverted  truncated 
cone,  which  supports  the  gauze  of  the  lamp  ;  and  its  extremity  is  covered  with 
a  double  gauze  cap. 

The  tube  T  is  surrounded  with  two  cylindrical  cases  ;  the  upper  movable  case  A, 
provided  with  an  arm  a,  terminated  by  a  catch  which  moves  a  similar  catch  c, 
attached  to  the  working  lever  L,  and  compresses  by  its  movement  a  spring  S  ; 
the  lower  fixed  case  B  carries  a  small  square  guide  pierced  by  a  hole  o3  at  the 
same  height  as  those  in  the  tube. 

The  lever  L  is  worked  by  the  small  handle  placed  below  the  oil  reservoir, 
and  carries,  soldered  to  its  end,  an  iron  wire  F.  *04  inch  diameter,  curved  into 
an  arc  of  a  circle,  and  controlled  in  its  course  by  the  guide  E. 
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Method  of  Using  the  Lamp. 
By  imparting  to  the  handle  a  slight  rotary  movement  in  the  direction  of  the 

arrow  1,  the  lower  cam  lifts  the  catch  of 
the  upper  movable  case,  the  spring  is  com- 
pressed and  the  openings  ox  o2  allow  the 
passage  of  the  bent  wire  which  is  to  be 
made  red  in  the  flame  of  the  lamp.  The 
end  of  the  fuse  outside  the  shot-hole  is  in- 
troduced into  the  tube,  and  pushed  up  till  it 
ust  touches  the  curved  wire. 

By  working  the  handle  in  the  direction  of 
the  arrow  2,  the  red-hot  wire  passes  over 
the  fuse,  and  sets  fire  to  the  powder,  the 
gases  from  which  escape  by  the  tube ;  the 
spring  brings  back  the  movable  case  over 
the  lower  case  ;  and  the  openings  ox  o2,  com- 
municating directly  between  the  chamber 
of  combustion,  and  the  external  air  are 
closed. 


Discussion  on  the  Value  of  the  Lamp. 

1.  In  order  that  this  lamp  may  fulfil  the 
required  purpose,  it  is  evidently  necessary 
that  the  ignited  fuse  be  withdrawn,  only  after 
the  emission  of  sparks  is  finished.  A  great 
number  of  trials  with  Bickford  fuse,  used  at 
these  collieries,  have  shewn  that  this  emission 
only  ceases  after  the  fuse  has  burnt  for  a 
length  varying  from  2  to  3  inches. 

It  is  right  to  ask,  besides,  if  a  defect  in 
the  fuse  such  as  a  want  of  continuity  in  the 
protective  envelope  would  be  material  when 
it  occurs  in  the  length  of  fuse  placed  in  the 
shot-hole. 

To  verify  this,  use  was  made  of  an  iron 
tube  '98  inch  diameter,  and  27 "56  inches 
long,  closed  by  a  wooden  plug  at  one  end, 
and  entirely  open  at  the  other ;  the  fuse  to 
be  tried  was  introduced  into  it  and  carefully 
stemmed  with  fine  sand. 

When  the  defect  in  the  fuse  exists  in  the 
part  outside  the  shot-hole,  a  second  series 
of  projections  is  observed  after  the  first 
sparks  of  ignition,  when  the  internal  flame 
reaches  the  damaged  point ;  when,  on  the 
other  hand,  this  defect  is  found  in  the  portion 
placed  in  the  shot-hole,  and  is  covered  with 
only  '4  of  an  inch  of  sand  stemming,  the 
second  series  of  sparks  do  not  occur. 

The  rational  consequence  of  the  preceding 
observations  are  as  follows  : — A  maximum 
length  of  four  inches  of  fuse  should  be  left 


Figure  20. 
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outside  the  shot-hole,  so  that  the  lamp  may  be  entirely  safe  and  to  remove  any 
fear  from  defects  in  the  fuse.  The  shot-firer  covers  the  fuse  with  the  safety-lamp, 
and  does  not  withdraw  it  until  4  inches  of  fuse  are  burnt. 

This  obligation  will  not  usually  be  troublesome,  for  in  taking-up  bottom  in  a 
fiery  seam,  there  is  usually  every  facility  for  drilling  shot  holes  4  feet  and  even 
6  feet  long.  When  it  is  necessary  for  some  reason  to  use  shorter  holes,  the  length 
of  fuse  which  it  will  be  proper  to  leave  free  beyond  the  hole  being  greater,  the 
lamp  will  be  quite  safe,  when  the  fuse  used  is  of  good  quality. 

2.  Another  important  point  is  to  ascertain  whether  the  isolation  of  the  internal 
combustion  chamber  from  the  surrounding  air  is  perfect.  It  is  obvious  that  in  the 
rotary  movement  of  the  curved  wire,  there  exists  a  time  of  whose  duration  varies 
inversely  as  the  power  of  the  spring,  during  which  the  tube  is  in  communication 
through  the  holes  o1  oa  with  the  chamber,  and  the  external  air.  Would  it  not 
be  at  once  safer  and  more  simple  to  do  away  with  the  spring,  the  movable  case, 
and  to  reduce  to  the  minimum  the  play  between  the  curved  wire  and  its  openings, 
and,  lastly,  to  provide  it  with  a  little  seat,  so  that  its  extremity  just  touches  the 
wall  of  the  tube  and  never  passes  beyond  it. 

Conclusions. 

1.  The  Heath  and  Frost  lamp  affords  very  great  safety  in  the  majority  of  cases  ; 
nevertheless  in  firing  shots  of  short  length,  much  depends  on  the  good  quality  of 
the  fuse,  which  ought  not  in  any  case  to  give  lateral  projections  of  flame.  It 
seems  possible  to  obtain  fuse  of  very  good  quality,  and  the  English  fuse  which  has 
been  tried,  appeared,  by  reason  of  its  good  covering,  to  3olve  the  difficulty. 

2.  It  is  susceptible  of  modifications,  rendering  it  more  simple  and  more  safe. 

Anzin,  1st  June,  1889.  p-  Petit- 
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DECREE 

OF  THE 

PRESIDENT   OF   THE    (FRENCH)   REPUBLIC 

OF    26Tfl    JULY,    1890, 

RELATIVE  TO  THE 

SALE  OF  DYNAMITE  IN  CARTRIDGES. 


The  President  of  the  French  Republic, 

In  accordance  with  the  law  of  8th  March,  1875,  and  the  decree  of  24th  August 
following,  as  to  dynamite, 

In  accordance  with  the  advice  of  the  Committee  of  Arts  and  Manufactures, 

Upon  the  report  of  the  Ministers  of  Commerce,  of  Industry,  and  the  Colonies, 
of  War,  of  Home  Affairs,  of  Finance,  and  of  Public  Works, 
Decrees : — 

1 .  That  every  cartridge  of  dynamite  intended  for  sale  must  bear  upon  its  cover  an 

indication  of  the  nature  and  proportions  of  the  substances  constituting  the 
explosive,  in  order  to  allow  of  the  calculation  of  the  temperature  of 
detonation. 

2.  That  the  Ministers  of  Commerce,  of  Industry,  and  the  Colonies,  of  War,  of 

Home  Affairs,  of  Finance,  and  of  Public  Works,  are  responsible,  in  so  far 
as  it  concerns  each  of  them,  for  the  carrying  into  effect  of  the  present 
decree,  which  shall  be  published  in  the  official  journal  of  the  French 
Republic,  and  inserted  in  the  Bulletin  des  lois. 

(Signed)        Carnot. 

The  Minister  of  Commerce,  Industry,  and  the  Colonies, 

(Signed)        Jules  Roche. 

The  President  of  the  Council  and  Minister  for  War, 

(Signed)        C.  de  Freycinet. 

The  Minister  for  Home  Affairs, 

(Signed)        Constans. 

The  Minister  of  Finance, 

(Signed)        Rouvieb. 

The  Minister  of  Public  Works, 

(Signed)        Yves  Guvot. 
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REGULATION 

OP  THE 

EXPLOSIVES  TO  BE  USED  IN  FIERY  MINES, 

AND  IN 

DUSTY  MINES  WHOSE  DUSTS  ARE  INFLAMMABLE. 


Paris,  August  1st,  1890. 
To  the  Prefect  of 

By  a  circular  of  November  19th,  1888,  which  was  inserted  in  the  official  journal 
of  the  27th  of  the  same  month,  my  predecessor  advised  you  of  the  results  obtained 
by  a  special  Commission  which  he  had  appointed  for  the  study  of  questions  relating 
to  the  use  of  explosives  in  fiery  mines.  In  consequence  of  the  experiments  carried 
out  under  the  superintendence  of  the  Explosive  Substances  Commission,  it  has 
been  found  possible  to  procure  for  use  in  mines,  explosives  which,  although  not 
capable  of  giving  absolute  security  (which  one  can  hardly  hope  to  obtain  from  these 
materials),  permit  the  attainment  of  a  degree  of  safety  which  was  hitherto  deemed 
unapproachable. 

All  workers  of  mines  were  supplied  at  the  time  with  full  information,  thanks  to 
the  communication  which  you  in  due  course  made  to  them  of  the  reports  prepared 
by  Inspector-General  Mallard,  by  order  of  the  Explosive  Substances  Commission. 

Since  that  time,  the  principal  explosives  recommended  by  the  Explosive 
Substances  Commission  have  been  extensively  tried  in  many  mines,  and  especially 
at  the  Anzin  Collieries,  where  they  may  be  said  to  be  in  current  use.  These  trials 
have  shewn  that  the  question  could  be  held  as  solved  in  practice,  as  it  had  from  the 
first  appeared  to  be  solved  in  theory. 

On  the  other  hand  the  Government,  desirous  of  promoting  the  working  of  mines, 
and  of  facilitating  the  use  of  the  new  explosives,  have,  by  decrees  of  12th  June, 
1890,  reduced  to  a  considerable  extent  the  taxes  upon  explosives.  LaBtly,  by  a 
decree  of  26th  July,  1890,  which  forced  the  makers  of  explosives  to  inscribe  upon 
the  cartridges  intended  for  sale  the  composition  of  their  products  in  such  a  way  as 
to  allow  of  the  calculation  of  the  temperature  of  detonation,  the  Government  have 
given  to  the  workers  of  mines  the  means  of  compelling  the  manufacturers,  under 
the  penalties  provided  by  the  law  of  8th  March,  1875,  to  deliver  to  them  only 
such  materials  as  afford  the  necessary  guarantees  of  safety  in  use. 

Under  these  circumstances  it  has  become  possible  to  pass  from  the  period  of 
recommendation  to  that  of  enactment.  It  is  now  time,  moreover,  to  extend  the 
compulsory  use  of  the  new  explosives,  not  only  to  fiery  mines,  but  also  to  dusty 
mines  whose  dusts  are  inflammable. 
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I  have,  therefore,  decided,  in  accordance  with  the  opinion  of  the  General  Council 
for  Mines,  that  in  the  two  classes  of  inflammable  mines  which  have  been  men- 
tioned, the  use  of  explosives  shall  be  hereafter  submitted  to  the  prescribed  regula- 
tions, in  accordance  with  the  form  of  Prefectoral  Enactment  annexed  to  these 
instructions. 

After  the  receipt  of  this  circular,  you  should  request  the  Inspectors  of  Mines 
to  send  you,  for  each  fiery  mine  and  dusty  mine  whose  dusts  are  inflam- 
mable, the  information  necessary  to  allow  of  the  application  of  the  under- 
mentioned regulations;  and  the  Inspectors  should  shew  in  their  proposals  the 
maximum  delay  with  which  the  decree  may  be  carried  into  effect.  Moreover,  the 
said  proposals  should  be  formally  notified  to  the  worker  of  the  mine  in  your 
preliminary  order  for  compliance  with  the  law. 

The  classification  of  the  mine  under  one  of  the  two  categories  above  described 
is  an  a  posteriori  appreciation  of  fact  made  with  comparative  ease  by  competent 
engineers,  but  which  evades,  as  has  been  long  recognised  in  every  country,  a 
dogmatic  definition  a  /  riori.  You  will  observe,  in  regard  to  dusts,  that  in 
the  actual  state  of  our  knowledge  respecting  coal-dust,  it  is  necessary,  in  order 
that  the  mine  may  be  regulated  from  the  point  of  view  under  discussion,  on  the 
one  hand  that  it  be  dusty,  and,  on  the  other  hand,  that  the  dusts  arising  from 
the  combustibles  produced  be  inflammable. 

If,  moreover,  a. worker  objects  to  the  proposed  classification  of  his  mine,  and 
especially  concerning  dusts,  you  must  refer  to  me. 

You  will  have,  where  necessary,  to  enact  by  special  decrees,  simultaneous  or 
subsequent,  which  can  always  be  modified,  concerning  those  derogations  whose 
principles  are  discussed  in  Article  7. 

These  derogations  are  intended  to  permit  the  use  either  of  high  explosives,  but 
less  safe  than  those  recommended  hy  the  Explosive  Substances  Commission,  or  of 
a  stemming  less  than  that  required  by  Article  5 ;  this  diminution  of  the 
stemming  proportionately  diminishes  the  safety.  The  derogations  should,  there- 
fore, only  be  granted  when  they  are  justified  by  the  condition  of  the  working- 
places,  as  regards  the  probable  liberation  of  fire-damp,  and  only  on  condition  of 
recourse  to  special  measures  of  protection  :  special  inspectors,  separate  ventilating 
areas,  blasting  in  the  absence  of  all  workmen,  &c. 

You  will  appraise,  in  each  case,  the  time  which  may  be  allowed  to  the  mine- 
worker  for  the  entire  execution  of  the  decree;  it  ia  desirable  that  these  new 
regulations  should  be  applied  as  soon  as  possible  ;  but  it  is  necessary  to  allow  to 
the  mine-worker  sufficient  time  to  procure  the  new  explosives. 

The  Administration  intend,  so  as  not  to  impede  any  progress  in  the  future,  to 
allow  at  their  own  risk  every  latitude  to  the  workers  in  the  choice  of  explosives. 
The  duty  of  the  Administration  is  fulfilled  when  they  have  indicated,  with  all 
desirable  precision,  the  technical  conditions  which  the  explosives  must  satisfy. 
If,  owing  to  their,  composition,  certain  data  are  omitted  in  the  tables  annexed  to 
this  decree,  for  the  calculation  of  the  temperature  of  detonation,  you  should 
refer  to  me  in  order  that  I  may  complete  them. 

I  do  not  think  it  useless  to  advise  you,  in  the  present  state  of  the  question,  that 
the  General  Council  for  Mine3  have  mentioned  amongst  the  explosives  actually 
known  those  which  satisfy  the  conditions  required  by  Article  2  : — 

1.  Mixtures  of  dynamite  No.  1  (75  per  cent,  of  nitro-glycerine  and  25  per 
cent,  of  silica)  and  nitrate  of  ammonia,  in  which  the  proportion  of  dynamite 
should  not  exceed  40  per  cent,  for  stone  work,  and  20  per  cent,  for  coal- 
getting  ; 
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2.  Mixtures   of   blasting-gelatine  (91-7   per   cent   of   nitro-glycerine,    and   8 '3 

per  cent,  of  nononitric  cotton),  and  nitrate  of  ammonia,  in  which  the 
proportion  of  blasting-gelatine  should  not  exceed  30  per  cent,  for  stone 
work,  and  12  per  cent,  for  coal-getting  ; 

3.  Mixtures  of  octonitric  cotton  with  nitrate  of  ammonia,  in  which  the  per- 

centage of  gun-cotton  does  not  exceed  20  per  cent,  for  stone  work,  and  9-5 
per  cent,  for  coal-getting  ; 

4.  Mixtures  of  dinitro-benzol  and  nitrate  of  ammonia  in  which  the  proportion 

of  dinitrobenzol  does  not  exceed  10  per  cent,  for  stone  work. 
The  explosives  formed  by  mixtures  of  dynamite  or  of  blasting-gelatine  with 
nitrate  of  ammonia,  should  be  ordered  from  private  manufacturers. 

The  mixtures  of  octonitric  cotton  with  nitrate  of  ammonia  remaining  a 
State  monopoly,  they  can  only  be  sold  by  its  agents,  and  my  colleague,  the 
Minister  for  War,  has  stated  that  the  National  Powder  Mills  were  able  to  supply 
any  demands  which  might  be  made. 

I  desire  you  to  acknowledge  the  receipt  of  this  circular,  a  duplicate  of 
which  has  been  forwarded  direct  to  the  Inspectors  of  Mines. 

The  Minister  of  Public  Works, 

(Signed)  Yves  Gutot. 


MODEL  OP  THE  PREFECTORAL  DECREE  ANNEXED  TO  THE 

CIRCULAR  OF  1st  AUGUST,  1890. 


We,  Prefect  of  the  department  of '.'T'     'laor,'. 

In  accordance  with  the  law  of  21st  April,  1810,  to  27th  June,  1880  , 

In  accordance  with  the  decree  of  3rd  January,  1813,  the  ordinance  of  26th 
March   1843,  and  the  decree  of  25th  September,  1882  ; 

In  coord  nee  with  the  law  of  8th  March,  1875  and  the  *--J^ 
August,    1875,   and  28th  July,   1895,  upon  the  explores  denyed  from  mtro 

glIueatordanee  with  the  circmar  of  the  Min,ster  of  Puhlio  Work,  of  1st  August, 

Ta—  with  the  report  of  the  lectors  of  Mines,  ^  ^  _ 

•     ■     •     '     .udtoplaoe'themuudertheregulationfortheuseof  explosives,  pro. 

vided  h/the  circular  issued  hy  the  Minister  of  Pnhhc  Works  ;         ^  ^  ^ 

In  aeeordanee  with  the  *"»»**?    •     '     •     '  ^  ^^tion.  upon  the  con- 

In  aeeordanee  with  the  observations  made  br he  Owner,  d  COMidering 

^d  the  T rt  of  the ;  Inspectors  of  Mmes  dated  ^ 

that  the  Owner  has  allowed    .     .     aays  w      e 
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Do  hereby  enact  that — 

1.  The  use  of  blasting-powder  is  forbidden  in  the  hereinafter-mentioned  work- 

ings of  the  mine  of 

2.  The  worker  is  forbidden  to  use  in  the  workings,  described  in  Article  1,  any 

explosives  other  than  detonating  explosives  complyiug  with  the  following 
conditions  : — 

1st.  The  products  of  their  detonation  should  not  contain  any  combustible 

matter,  such  as  hydrogen,  carbon  monoxide,  solid  carbon,  &c. 
2nd.  Their  temperature  of  detonation,  calculated  in  accordance  with  the 
appendix  to  the  present  decree,  should  not  exceed  1,900  degs.  C. 
for  the  explosives  used  in  stone  work,  nor  1,500  dega.  C.  for  those 
employed  in  coal-getting. 

3.  The  explosives  must  be  enclosed  in  cartridges  upon  which  are  shewn  the 

nature  and  the  proportion  of  -the  substances  of  which  they  are  composed,  so 
as  to  allow  of  the  calculation  of  the  temperature  of  detonation,  in  accord- 
ance with  the  note  attached  to  the  present  decree. 

4.  The  Inspectors  and  Controllers  of  Mines  must  constantly  assure  themselves 

that  the  prescriptions  of  Articles  2  and  3  have  been  complied  with,  by 
taking  from  the  cartridges  ready  for  use  one  or  more  sample  cartridges  for 
analysis,  and  drawing  up  at  the  time  an  official  report  which  shall  be  at 
once  notified  to  the  worker. 

5.  The  stemming  of  the  explosives  ordered  by  Article  2  should  be  carefully  made 

with  plastic  matter,  so  as  to  avoid  blown-out  shots ;  the  length  should 
not  be  less  than  8  inches  for  the  first  1,543  grains  of  charge,  with  the 
addition  of  2  inches  for  each  1,543  grains  additional ;  and  should  at  all 
times  exceed  20  inches. 
The  detonation  of  the  cartridge  should  be  caused  by  a  detonator  strong 
enough  to  assure  the  detonation  of  the  explosive  even  when  unconfined. 

6.  No  change  is  made  in  the  measures  of  safety  previously  ordained,  relative 

to  the  use  of  explosives  in  fiery  mines,  notably  concerning  the  special  shot- 
firer,  the  proof  of  the  absence  of  gas  before  firing,  &c. 

7.  Special  prefectoral  decrees,   after  the  report  by  an  Inspector   of  Mines, 

may  authorize  : — 

1st.  In  a  stone  drift,  the  use  of  detonating  explosives  other  than  those 

named  in  Article  2  ; 
2nd.  Derogations  from  the  ordinances  of  Article  5. 

8.  The  orders  of  the  present  decree  come  into  force  with  a  maximum  delay 

of     .     .     days  from  the  date  hereof. 

9.  Breaches   of    the   present  decree   will   be   established   by  notice   from   the 

Inspectors  or  Controllers  of  Mines  whose  duty  it  is  to  see  that  it  is  carried 
into  effect. 

10.  Copies  of  the  present  decree  will  be  sent  to  the  Chief  Inspector  of  Mines  at 

,  and  to  the  Mayor  at .     ,  who  is  to 

advise  the  worker,  and  to  return  to  us  the  report  of  his  official  notification 
of  the  same. 

Made  this day  of .... 

The  Prefect 
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APPENDIX   RELATING  TO  ARTICLE  2  OF  THE   DECREE   OF  THIS  DA7  CONCERNING  THE 
EXPLOSIVES  TO  BE  USED  IN COLLIERIES. 

The  temperature  t  of  detonation  shall  be  calculated,  for  the  application  of 
the  prescription  of  Article  2  of  this  decree,  in  accordance  with  the  following 
rules  : — 

F,  F',  F"  being  the  chemical  formulate  of  the  substances  forming  the  explosive, 
whose  composition  is  represented  consequently  by  the  formula,  p  F  +  p'  F'  -r 
p"  F"  + ,  the  formula  of  decomposition  by  detonation  is  : — 

PF  +  p'F  +  p"F" =  aC02  +  )3H20  +  7C1H  +  5  02  +  «  N2  +  A  P.  (1). 

in  which  H   =     1  gramme 

C    =  12      do. 

N  =  14      do. 

0    =  16      do. 

CI  =  35-5  do. 
and  P  being  the  weight  of  the  solid  matter  left  after  decomposition,  if  there  is  any. 
/,/',  f"  are  the  quantities  of  heat  given  off  respectively  by  the  formation,  from 
their  elements,   of  the  substances  that  decompose  on  detonation,   quantities  of 
heat  which  are  given  in  the  following  table  for  ordinary  explosives  :— 


Substances. 

Formula. 

Quantities  of  heat. 

Nitrate  of  ammonia... 

N2  H4  03            =      80 

grammes 

+    87-9 

Dinitro-benzol           

C6H4N204        =     168 

do. 

+    145 

Gun-cotton,  endecanitric    ... 

O^HjjNuOtt  =1,143 

do. 

+  624  0 

do.          nononitric 

C24H31N903S  =1,053 

do. 

+  656-0 

do.     *     octonitric 

C^  H32  N8  Ojs  =  1,008 

do. 

+  672-0 

Nitro-glycerine 

C6H10N8O18  =     454 

do. 

+  197-8 

The  quantity  of  heat  Q  given  off,  at  constant  volume,  by  the  detonation  of  the 
weight  of  explosive  represented  by  formula  (1)  is  given  in  kilogramme-degree 
calories  as  follows  : — 

Q  =  94  a  +  58-2  J3  +  22  y— (pf  +  p'f  +  p"f"  +   ...) 

+  0-54  (a  +  0  +  y  +  5  +  8).  (2) 

The  specific  molecular  gaseous  heats  at  constant  volume  in  gramme-degree  calories 
are  shewn  in  the  following  formula: — 

For  one  molecule  C02=  44  grammes G  =  626  +  *0037  t. 

Do.  do.     H20=18      do C'=  5-61  +  -0033 1. 

For  one  molecule  of  the  perfect  gases  (02,  N2,  CI,  H,  &c.)  occupying  a  volume  of 
22-32  litres  at  0  degs.  C,  and  under  a  pressure  of  760  millimeters,  C"  =  4'8 
+    0006  t. 

The  specific  heat  G,  of  a  gramme  taken  as  the  unit  of  weight  of  the  solid  body, 
is  supposed  to  be  constant  with  the  temperature,  and  equal  to  the  value  given  in 
the  following  table  for  the  substances  most  in  use  : 
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Substances. 

Specific 
Heat. 

Carbonate  of  barium    ...          

Carbonate  of  potassium          

Carbonate  of  sodium   ...          ..         

Silica       

Sulphate  of  potassium             

Sulphate  of  sodium      

Oil 

021 
0-27 
0  195 
0-190 
0  229 

The  equation,  giving  tbe  required  temperature  of  detonation,  t,  is  then : 
1,000  Q  -  [6-26  a  +  5  61  0  +  4'8  [y  +  5  +  i)  +  K  Cx]  t 
+  [00037  o  +  00033  /3  +  0-0006  (y  +  5  +  •)]  t*. 


Approved  by  me,  Prefect  of  the  department  of 

for  incorporation  in  the  decree  of  this  date,  and  to  be  used  in  accordance  with 
article  2  of  this  decree. 
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